THE ELECTRICAL INDUSTRIES

INTRODUCTION AND GENERAL EXPLANATIONS

Scope of the census.—The census of electrical industries, which has been
taken quinquennially since 1902, covers four distinet industries, namely: (1)
Central electric light and power stations; (2) Electric railways; (3) Telephones;
(4) Telegraphs. This report presents a summary for all four industries and
detailed statistics for ecentral electric light and power stations. The reports for
the other three industries are published separately.

Capitalization.—The capitalization figures for the electrie-railway, telephone,
and telegraph industries represent the book value (in most cages the par value)
of capital stock, funded debt, and real-estate mortgages, except that mortgages
were not included for 1902. For light and power stations, however, the value
of plant and equipment, not the capitalization, is shown. The compilation
has been made in this manner in order that the statistics for commercial plants
may be presented on the same basis as those for municipal plants, from which
it is impossible in many cases to obtain accurate data in regard to capitalization.

Light and power departments operated by electric railways.—The light and
power industry comprises both commerecial and municipal cenfral electrie sta-
tions, including light and power plants operated by electric-railway companies.
At earlier censuses it was impossible in some cases to obtain separate apd de-
tailed returns for the light and power departments of electric railways {(except
in regard to income), and their energy output, capitalization, revenues, ex-
penses, ete., were, therefore, credited in those reports entirely to electric rail-
ways, thus to a certain extent overstating the figures for that industry and
understating them for the electric light and power industry. The revenues of
these light and power departments were, however, tabulated separately. (See
footnote 12, Table 1, of present report.) At the census for 1922 data for the
light departments of 124 railways were included in the electrie-railway report.
For 1027, however, it was possible to obtain separate data for the light and
power departments of all electric railway companies except 17 of the less im-
portant ones, which included their light and power data with those for their
railway operations. Light and power departments making separate returns
have been treated, for the purposes of this report, as independent light and
power establishments.

Operating and lessor eleciric-railway companies.—The electrie-railway
industry embraces both operating and nonoperating, or lessor, companies.
The lessor companies did not report the numbers and the compenssation of
employees, so that the statistics in regard to employees and their salaries and
wages refer to operating companies only. The employees of the lessor com-
panies (who are principally of the salaried class) are, however, relatively few in
number. All organization and maintenance expenses of the lessor companies
are included under “Expenses.” The duplication in income and expenses
arising from the pa.ymént, by operating companies to lessor companies, of rentals
for leased roads (reported as expenses by operating companies and as income by

lessor companies) has been eliminated. .



GENERAL SUMMARY

Development since 1902.—The 25-year period covered by the statistics
(1902 to 1927) was one of remarkable growth in the group of electrieal industries
as a whole and in each individual industry, except electric railways during the
latter part of it. The value of plant and equipment was more than § times as
large in 1927 as in 1902, income nearly 9 times, net income more than 6 times,
number of employees about 8% times, and salaries and wages nearly 9 times.
The rates of increase for varioug periods are given in Table 1.

In the individual industries the greatest growth occurred in electric light
and power, which increaged more than 1,700 per cent in value of plant and equip-
ment, nearly 2,200 per cent in income, 1,680 per cent in salaries and wages,
and nearly 730 per cent in number of employees. In most respects, but not in
the number of employees or in salaries and wages, it has become the largest
industry of the electrical group.

Telephones rank next in rate of growth, with increases of more than 1,000
per cent in income, nearly 800 per cent in value of plant and equipment, more
than 350 per cent in number of employess, and over 1,200 per cent in salaries
and wages. This industry leads the group in respect of the last two items.

Eleetric railways are second in number of employees, in salaries and wages,
and in value of plant and equipment. A decrease in income during the 5S-year
period 1922-1927 caused them to fall to third place as regards income and to
fourth in rate of increase for the 25-year period. This rate was about 90 per
gent in number of employees, 400 per cent in salaries and wages, 285 per
cent in income, and 86 per cent in value of plant and equipment.

The telegraph industry, fourth in magnitude as measured by number of
employees, annual income, and value of plant and equipment, ranks third as to
rate of increase in each of these items for the 25-year period.

Decreases in numbers of companies, establishments, or systems (Table 1).—
The decreases in the number of central electric establishments between 1917
and 1927 and in the number of electric railways between 1917 and 1922 were
caused prineipally by consolidations, and in the number of electric railways
between 1922 and 1927 also by changes from railway to motor-bus operation.
The declings shown in the number of telephone systems for 1907 in comparison
with 1902 and for the period 1917-1922 are apparent, not real, the former having
been due to the establishment of the $5,000 minimum-income limit for 1907
and the latter to the increase of the limit from $5,000 to $10,000. (See footnote
1, Table 1.)

Rates of increase in numbers of employees and in salaries and wages
(Table 1).~The advances in wage scales from census to census are brought out
strikingly by the percentages of increase in Table 1. For every 5-year period
and for every industry the rate of inerease in salaries and wages was higher or
(for electric railways between 1922 and 1927) the rate of decrease was lower
than that in number of employees, and for the periods 1912-1917 and 1917-1922
the differences are pronounced. The combined rate for all industries for the
25-year period as a whole is more than three times as large for salaries and wages
as for number of employees; and that relating to the 10-year period 1917-1927
is more than four times as large for salaries and wages as for number of employees,
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS 3

Rate of increase in value of plant and equipment and in revenue (Table 1).—
With some exceptions, the rates of increase in revenue ‘have exceeded those in
value of plant and equipment. In the period 1922-1927, however, the former
were decidedly smaller than the latter for both commereial and municipal electrie
light and power establishments, for telephones, and for telegraphs, and were
somewhat smaller for the group as a whele. TFor railways both decreased, the
revenue less than the value of plant and equipment, there having been o marked
decline in the last-named item.

Rates of increase in income and expenses (Table 1).—TUntil 1922, the rates
of increase in expenses in general exceeded those in income, the net income
having increased, therefore, at a smaller rate than the gross. In the period
from 1922 to 1927, however, a reversal, anticipated during 1917-1922 in the
electric light and power industry, occurred, and the income increased at a greater
rate than the expenses. The telegraph industry did not participate in the
change during the most recent period; and in the case of electric railways both
decreased, expenses slightly more than revenue. This is the only instance, in
any industry of the group and in any five-year period, of a recession in revenue,
and it is clearly due to the enormous expansion in the use of automobiles and to
the establishing of public motor-bus lines. (The figures for the electric-railway
industry include data for bus lines operated directly by electric-railway companies
but not for independent bus lines or for lines operated as subsidiaries or feeders :
for electric railways. For 1927, 482 bus lines, operating 2,064 buses were
reported as operated directly by electric-railway companies.)

Statistics for munieipal light and power plants and for telephones can not be
included in comparisons of expenses for 1927 with those for earlier years, since
the schedules used in canvassing such establishments for 1927 did not call for
data on expenses.) As a consequence, the expenses given in the table for the
group as a whole (*‘Aggregate,” Table 1) for 1927 are not comparable with those
for earlier years. The apparent decrease between 1922 and 1927 would be con-
verted into a large increase if data for the omitted industries were included, and
the apparent increase in net income would be correspondingly diminished.

During the entire 25-year period revenues increased at a greater rate than
expenses in the commercial electrie light and power industry, while the contrary
is true for the electric-railway and telegraph industries,

Relative importance of industries (Table 1).—It will be seen from the “Per
cent of aggregate’ figures that the relative importance of the light and power
industry has increased and that of the electric-railway industry has decreased
from census to census. Until and including 1917 the electric-railway industry
reported more than half the total value of plant and equipment, and for 1922 it
reported a larger value than any other electrical industry. For 1927, however,
the light and power industry was credited with 53.1 per cent of the total.
The increases and decreases in the income percentages are especially noteworthy,
the percentage for the light and power industry being much more than twice
ag large for 1927 as for 1902, while that for the electric-railway industry was
less than half as large for the later year as for the earlier one. The telephone
industry also has increased somewhat in relative importance.

Because of the omission for 1927 of certain data on expenses included for earlier
years, the percentages of net income for that year would not be comparable with

t Data on expenses were collected from municipal light and power planis in cities having 25,000 inhabit-

ants or more, but not from such plants in smaller eities, The expense items were amitted in preparing the
schedules for the smaller munieipal Hight and power companies and for telephone companies because of the
impogsibility of obtaining accurate and complete data for such companies.
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those for carlier years. (See second paragraph under ““Rates of inerease in
income and expenses.’”)

Comparison of prime movers in light and power plants and in electric-railway
plants, 1907-1927 (Table 2).—During the period from 1907 to 1927 the horse-
power of prime movers used by central eleetric light and power establishments
inereased nearly 800 per cent. The horsepower in electric-railway plants, on
the other hand, after rising to its maximum in 1917, fell off slightly between that
year and 1922, and during the subsequent half decade decreased by more than

. 50 per cent to an installation approximately 80 per cent as great as that of 1907,
In the earlier year about 38 per cent of the total horsepower was in electric-
railway plants; in 1927 only 5.4 per cent. The decrease during the last half
decade is undoubtedly the result of two influences: First, a decrease in electric-
railway operation due to the competition of the automobile and in particular of
the public-utility motorbus;? second, the increasing tendeney to centralize
electrie-power production in favorably located plants operated by electric light
and power companies, which are thus in a position to supply energy to electric
railways as well as to other large consuiners.

Light and power compared with railway plants (Table 3).—The energy gener-
ated in light and power establishments increased greatly from 1917 to 1922
and from 1922 ta 1927 in each of the nine geographic divisions. The maximum
rate of increase between 1922 and 1927, 214.5 per cent, was recorded for the
West South Central States. The energy generated in electric-railway plants,
on the contrary, decreased in the United States as a whole during each half
decade, and during the period from 1922 to 1927 decreased in each geographic
division except the Middle Atlantie States.

Thls does net, however, jmply a corresponding reduction in electric-railway
operations. A large portion of the decrease is undonbtedly due to an inerease
in the tendency of eleetric railways and electrically operated sections of steam
railroads to purchase their encrgy from power companies rather than to generate
it in their own plants. The report for 1922 does not show separately the sales
by electric light and power companies of energy for railway operations, so that it
is therefore impossible to determine the amount by which such sales increased
from 1922 to 1927. The increase may not have been equal to the reduction in
output of electric-railway plants—almost preecisely 3,500,000,000 kilowatt
hours—but it probably went far toward counterbalancing that decrease.

Total generator rating and electrical output (Table 4).—The total generator
rating shown by this table covers the installation both in public-utility and in
private plants. In addition to the generators in use in central electric light
and power stations, electric railways, electrified divisions of steam railroads,
and manufacturing establishments, a considerable number are operated by mines
and quarries, hotels, amusement parks, and other enterprises, principally for the
purpose of generating current for their own use. In some cases establishments
of this kind, such as mines, sell current, and where the quantity sold is sufficient
to bring the establishment under the control of the Public Utilities Commis-
sion, asccording to the laws of the State in which located, the data are included
in figures for central electric light and power stations. The statistics for ‘“‘iso-
lated” plants refer, therefore, to generators of 100-kilowatt capacity or more
which are not operated for the commercial production of electric current.

In determining the total energy generated, certain estimates had to be made.
The returns from manufacturing establishments obtained in the 1927 Census

of Manufactures were substantially complete in r(fapect of number and capacity

* See explanation in parentheses at end of p&ragraph enmled Eam o! ingrease in income and expenses,”
page3.
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of generators, but were incomplete in regard to output. The generator capacity
reported by the establishments whose returns were complete amounted to a
little more than 80 per cent of the generator capacity for all manufacturing
establishments. It became necessary, thercfore, to estimate the output for
generators whose combined capacity was nearly 20 per cent of the total for
manufacturing establishments. This was done on the assumption that the
number of kilowatt-hours generated per kilowatt of rated capacity was the same
for the generators for which no output was reported as for those for which the
returns were complete, The estimated part of the output of manufacturing
establishments amounts fo approximately 4,000,000,000 kilowatt-hours, or only
about 4 per cent of the aggregate for all classes of establishments.

Light and power compared with all electric installations (Table 4).—The
capacity of generators in central electric light and power stations constituted
71.2 per cent of the total rated capacity of 36,275,001 kilowatts, as reported for
all industries covered by Table 4, and they generated 72.7 per vent of the total
of 102,759,753,811 kilowatt-hours.
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Growrr or tuB Limorric Ligur AND Pownr INpusTry: 1902-1927

["This diagram shows the relative rates of increase or decrease for the loading factors during the perlod from
; 1002 to 1927, All increases are shown with roference to 1902 excopt for number of customers, which item
! was first roported for 1807, For the purpose of calettlating the rato of increase In total exponses during
-the period from 1922 to 1927 it was necossary to estimate the expenses of municipal establishinents for
the later year, (See ‘‘Commercial and municipal,” p. 14,) This estimate was based on tho assumption
ngl:zzg tth(lxulz‘?]tio between expenses and income for municipal establishmonts remained unchanged from
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CENSUS OF ELECTRICAL INDUSTRIES: 1927

TanLe 8.—Cyurrenr Generatep, Kirowarr-HoUrs, Erpcrric LieHT AND
PowEr ESTABLISHMENTS, AND BELEcTRic RAILWAYS, BY GEoGrAPHIC Divi
s1ons: 1927, 1922, axp 1917

C ! i Light &n(} power
. : ensus ! y i establishments e Pl
DIVISION vear | Tatal (purely electric Electrie railways
! and composite)
e ,' e
United States....oooocoeomon.. 1097 | 77, 662, 241, 303 74, 686, 378, 010 2, 975, 863, 203
1022 | 46, T64, 987, 146 40, 201, 536, 435 6,473, 450, 701
1917 32, 678, 506, 061 25, 438, 303, 272 7, 240, 502, 789
New England. . oo 1927 5, 228, 260, 656 4,750,193, 632 478,075, 424
1922 3,398,451, 245 2,969, 971, 441 623,479, 704
1817 2,642,448, 350 1,835, 534, 072 €06, 862, 258
Middle Atlantic. ueoe o is e 1027 21,074, 636, 133 19, 281, 644, 834 1,812,991, 299
1622 12, 459, 706, 663 10, 765, 515, 044 1,094, 281,624
1017 9,331, 673, 441 7, 659, 317, 763 1, 672, 355, 678
East North Centralo... ooooeooooo 1927 18, 568, 146, 055 18, 211,894, 585 154, 251, 470
1422 10,781, 058, 214 9, 368, 260, 227 1,412, 797, 987
1017 7,532, 855, 405 - 5, 757, 150, 185 1, 775, 205, 270
West North Central .o .. ooweeoceen 1927 4,868, 765, 906 4, 549, 263, 907 319, 501, 999
1622 3,584, 644, 522 2,968, 756, 855 615, 887, 667
ioy 2,454,144, 197 1,776,475, 523 677, 668, 614
South Atlantic. . ocermvreieecaenmnann 1997 8, 456, 453, 712 8, 445, 216, 758 41, 236,924
1922 4,526, 310, 894 3, 759, 434, 350 1, 036, 876, 538
1917 2,587, 663, 188 1, 745, 295, 143 842, 368, 045
East South Central....oooooeromnnn.. 1997 2,532,442, 342 2,777,269, 044 55, 174, 208
1922 1, 545, 083, 014 1,419,833, 634 125, 250, 230
1917 1,952, 280, 629 1, 048,814, 771 203, 465, 858
West South Central....._..._....... 1927 3,346, 057, 716 | 3,975,021, 117 71, 036, 599
1922 1,493, 620, 350 1,041, 392, 851 452, 227, 699
1817 758, 185, 132 482, 645, 562 305, 539, 270
Mountain....._.. heremeemema———— 1927 3,433, 146, 636 3,389, 551, 356 43, 595, 280
1922 2,317,437, 714 | 2,209, 444, 164 108, 443, 550
1917 2, 135, 549, 169 2,036,194, 737 99, 754, 432
Pacific. cmeeeeenas [N 1627 10, (08, 323, 747 10, 006,323, 747 | cvremmcmmmmmacan
1922 6, 158, 083, 625 3,758,928, 013 399, 155, 612
1917 3, 954, 108, £30 3,096, 825, 266 857, 283, 364

i

TABLE 4.—QENERATORS, NUMBER AND Capacrry, anp Ovurpur oF ELECTRIC

CURRENT, FOR THE ELECTRICAL
MENTS, AND ISOLATED PrLanTs,!

InpusTrIES, MANUFACTURING ESTABLISH-
BY (GEOGRAPHIC DIVISIONS AND STATES:

1927
| GENERATORS
T C&gent gezﬁerate)d
- : Rated capacity owatt-hours,
i Number | (kilowatts)
{ |
. |
UNITED STATES, t0tal. oo oemmceaecmcmeicnee | 35838 | 36,275,001 102, 759, 753, 811
Centrgl electrie light and power stations......_........ 11, w7 | 25,811, 2 74, 086, 378, 010
Electric rallways eeoeooicomnns - - 410 | 1, 470, 904 2, 875, 863, 203
Electrified divisions of steam railroads . 4| 35%, 335 844, 780, 315
Manufacturing establishments. .. - 16,028 | 7, 345, 685 220, 558, 426, 000
Isolated plantst_ __.._._... vmrmammamammn e vm—m——— 3,860 | 1, 288, 772 3, 694, 304, 193
GEOGRAPHIC DIVISIONS: \
New England_ . oocccoeoommaaa e ——— 3,580 | 3,538, 788 7, 567, 722, 431
Middle Atlantic..... ! 8,709 | 9,792,991 28, 616, 322, 115
East North Central, i 8,355 1 9,023, 224 26, 234, 130, 787
West North Central ! 32,4915 2,027, 252 6, 107, 567, 671
Sputh Atlantie...... I 3,244 ¢ 4,027,014 10, 758, 869, 050
Fast South Central. ! 1,593 1,32, 543 3, 76%, 200, 963
West South Central 2,607 | 1,442,315 4, 236, 225, 490

! Mines and quarries, hotels, amusement parks, apartment honses, theaters, office buildings, etc., which

operaterd generaters of 100-kilowatt capacity or more.

2 Estimated in part. See text, p. 4.

Fee text, p. 4.
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TasLe 4.—GENERATORS, NUMBER AND CapaciTy, aNp Qurpur oF ELECTRIC

CURRENT, ¥OR THE ELECTRICAL
MENTS, AND IsoLATED Prants,!
1927—Continued

INDURTRIES, MM’UFAUFUHING EsTABLISH-
BY GEOGRAPHIC DivisioNs AND STATES:

GENERATORS
C(l):.rfent gteﬁemt%d
. ilowat GUTS,
Number | Fgieheotaelts
GEOGRAPHIC DIVISIONS—Continued.
MOUN AN e ceemne e e m e e mem e mmcwmn—————— 1,470 1,342, 791 4,437, 541, 120
PAEHCA e e e mmm oo ommmammn e 1,423 3,117, 153 10, 953, 174, 204
NEW ENGLAND:
MAne.. . eceoeo e eeeeaes 444 301, 586 | 478, 843, 766
New Hamipshire. .22 -2 -2 T2 T0 D 412 'ﬁg §¢g \ 263 3?.3'2%?
(224170301 RIS 55 57 314,
Massachisetis. 1, 91 1,769, 050 3,313, 270, 365
Rhode Island.. 312 333, 463 670, B8, 445
Af ConneActicut. ...... 763 681, 210 1,515, 7 43 2978
AIDDLE ATLANTIC
New Yor 3,344 4,696, 609 13,852, 904, 969
New Jersey.. 1, 466 1,137, 560 2,903, 234, 235
Pennsylvania. oo oo crecm e ceccoenan 3,089 3,958,822 | 11, 870, 182, 611
EasT I\omn CENTRAL:
[0 2, 001 2,579, 717 7,244, 404, 198
s LiE g e
THNOIS . cewccrcmceaaees A 2,614, 6 7, 595,
Michigan_ . 1, 665 1) 835, 639 5,789, T16. 408
WSCONSIN o e e e rrv e rnrrr— e caaam e 1,352 88Q, 456 4,597, 151, 665
WEBT NORTH CENTRAL®
{ ota 704 £17, 382 | 1,341, 119, 448
\m%f-_.- 627 601, 125 | 1,541, 302, 227
Missouri 865 666, 208 | 1,226, 779, 130
North Dakota gm 43, %:32 i 102; ﬁ?i:‘;' liég
13 £3,357 | i
i?eubtrhasligkm €08 18, 124 | 491, 447, 070
Kan €97 420,521 | Gun, 456, 557
Bourn A'ruwu" ;

- 59 55, 198 | 168, 280, 755
AN S— 301 431407 | 1,012 w74 632
District of Columbia, 82 179,202 4 435, (44,034
Virginia ... 503 534, 626 I 1 417, N2 %30
WeSE VITEIA- oo oo am e emmm 576 812,851 | 2, 595, 00, 717
North Carolina - i %‘;S | l;i‘,g, &(2:,2 J I !3.;, ..; ;))2{1%

Saroli 5 | 559, 796 | TR, (8
orgleo? | 708 446,984 | 73, 583, 125
........ | 402 | 345,788 | (9T, 956, 532
Easr Sourn ; ! | -
cy. | 454 | 300,744 | 7R, 002, 554
T oot | 477 | 100,091 | 1, 140, 05, 502
| ), ! V3 oz
Alabama ‘ 284 440,043 | 1,518,503, 541
.’\TP':\: inpi 538 | 110,935 | 183, 545, 336
WEsT SourH CENTRAL: i e o
! 52 | 20. 890, 148
Louisiana 1 ggé i é’.ly‘fz .‘l?zg \ 15, 272, 280
Oklahoma.. - --L. 40 231,847 | . ,; 1-5;1{; 636
TEXAS e e 1,218 743, 3%7 % 2,244, 242, 376
Moﬁfﬁltx;i.a ........ 155 277, MR | 42%. .r,(, )3 A%
------------------------------- 170 2?3 595 103, AR, T
Taan0. e 240 | 55, 105 131, 947, £10
Colorado..__ ?Zg | 57 ‘é',':'fﬁg, h%
New Mlexico 19 ‘( 7T BT égg
138 375, 421,
peay 165, %8, 144
304 | 2, 514, 329, 699
Oregan 25 | i 1 044, Oﬂ,"::"e‘
California-.. 702 | 7,428,776, 729

For footnote 1, See p. 12.
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GENERAL EXPLANATIONS

Definition of establishment.—In this report the term ‘establishment’ has
been used to signify the plant or plants and equipment operated under a single
ownership. It may comprise one or more generaling stations, together with
distributing equipment; or it may comprise generating equipment only, in the
cage of establishments which sell their entire output to other establishments for
distribution; or it may consist of distributing equipment ounly, in the case of
establishments which purchase their entire output. Thus the number of estab-
lishments (4,335 in 1927) differs considerably from the number of separate gener-
ating stations (4,801), and the latter is more than twice the number of establish-
ments generating all or a part of their current.

Character of establishments canvassed.—The statistics in this report relate
to all commercial or municipal publie-service plants which were engaged during
any portion of the calendar year 1927 in the generation and distribution of electrie
current to publie or private consumers for light; power, and heat; or in the
generation of current for sale in bulk to electric railways or to other light and
power establishments for distribution; or in the distribution of current generated
by plants under other ownership,

The large group of sc-called “‘isolated” plants operated in connection with
mines, factories, hotels, amusement parks, ete., or plants operated by the Federal
government or by State governments, or plants which were idle throughout the
year or were in process of construction at the end of the year, were canvassed by
means of a short and simple schedule. Statisties for this group are presented in
Table 27 but are not included in any of the other tables.

Classification of establishments.—In this report the light and power establish-
ments are clagsified in four ways for the purposes of statistical analyses:

(2y Commercial and municipal,—This is the most common grouping. Estab-
lishments of the former class are operated by corporations, firms, and individuals;
those of the latter, by munieipalities. It is worthy of mention that municipal
establishments jssue no capital stock and rarely pay taxes. The schedules sent
to the smaller municipal establishments did not call for data on operating expenses
for the reason that, because of dissimilarities in aceounting methods, the resulting
statistics would not be eomparable with those for commereial establishments.
The gchedule used in the canvass of municipal plants in cities having 25,000 inhab-
itants or more did, however, include this item. (Municipal establishments in
cities having 25,000 inhabitants or more were canvassed by the same schedule as
was used for commercial establishments.} The results are presented in Tables
66 and 69 of this report.

(2) Purely electric and composiie.—~The purely electric establishments are those
engaged solely in the generation or in the distribution, or in both the generation
and the distribution, of electrical energy. The composite establishments are
those which earry on other industrial activities in conneetion with electrie service,
such as the operation of waterworks, the manufacture of gag or of ice, the operation
of electric railways, ete. In some cases an establishment of this character keeps
only one system of accounts, and as & result it was impossible to obtain exact data

14
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for the light and power business separately from the other lines of work carried
on.  Where the noneleetrical business was merely ineidental to the operation of
the light and power plant, the report was aceepted, with or without data covering
such business, in accordance with the system of accounting employed by the
reporting company. Where the nonelectrical business was of considerable im-
portance, careful estimates were obtained, if possible, in order that the data
might relate only to the operations of the light and power plant; but in a few
cases of this kind it was found impraeticable to make a satisfactory segregation of
the data for the electrical business, and in such ecases the returns necessarily
covered all the activities of the establishments reporting.

When income was reported from steam heating, usually by surplus steam, no
attempt was made to segregate the data for heating from those relating to electrie
service; and, since the sale of electrical supplies and the wiring of huildingg, ete.,
form a part of the business of many light and power companieg, the income from
such sources was also included. Plants whose nonelectric income was derived
only from these sources are not regarded as composite, and the income in guestion
has invariably been tabulated under ‘“ All other sources.”

(8) Generating and purchesing.—Generating establishments are those which
produce all or any part (even though a minor part) of their output in their own
generating stations. Purchasing.establishments are those which purchased all the
current distributed by them during the census year, even though they may have
maintained generating equipment not in use. For the latter class, as compared
with the former, the investment is normally much smaller in proportion to the
amount of business done, and the statisties are in general much less complex.

(4) Hydroeleciric and other—No attempt has heen made in this report to make
an arbitrary classification of establishments into two mutually exclusive groups,
one hydroelectric and one otherwise designated. Instead, in view of the fact that
more than two-thirds of the indusiry’s water-power development is found in
establishments operating both hydroelectric and fuel-burning plants with widely
varying ratios of rated power, statistics are presented in several groupings. These
groupings are used in order to make possible a variety of comparisons, both
between the groups and with previously published statistics, and therefore in
some instances they overlap. The group “ Establishments reporting water power
of 1,000 horsepower or more’’ is presented for comparison with the “Hydro-
electric establishments” for which statistics are given in the report for 1922.
In the census for 1922 the group of establishments not claseified as hydroelectric
comprised (a) those which derived their power solely from steam engines or
turbines or internal-combustion engines, (b) those which utilized any of these
classes of primary-power machines and, in addition, water wheels or turhines rated
at less than 1,000 horsepower, and (¢) those which employed water power only
but reported less than 1,000 horsepower.

Allocation of establishments to States.—In compiling the statistics for geo-
graphic divisions and for States each establishment which generated all or any
part of its output was allocated to that State in which all or the greater part of
the output of its generating stations was produced, and each establishment which
purchased its entire output was allocated to that State in which its distributing
station or stations were located, or, if it distributed in more than one State, to
that State in which the greater part of its eurrent was distributed. Thus it was
sometimes necessary to allocate an establishment as a whole to a State in which it
generated, or in which it distributed, only a part of its output. Moreover, in
many cases an establishment, even though its entire output was generated or
distributed in a single State, served customers in one or more adjoining States.
The data for prime movers, generators, transmission lines, fuel consumption,
energy output, energy disposal, customers, and revenue from disposal of energy
were, however, reported separately for each State.
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Area and period covered.—The census of clectric light and power plaflts
covered the 48 States and the Distriet of Columbia, no canvass of the outlying
possessions having been made. The statistics compiled from the returns of the
recent census relate, as a rule, to the calendar year 1927, In some cases, howeveF,
returns were seeepted for fiscal vears ended late in 1927 or carly in 1928, when it
did not seem practicable to obtain accurate figures otherwise. Data have .also
been included for eertain establishments which were in operation during periods
of Jess than 12 months, namely: (1) New plants which began operations at some
time within the ealendar vear; (2) plants which suspended operations during a
part of the year because of accidents or for other reasons; (3) those which passed
out of existence within the vear; (4) those whieh were succeeded by other plants
within the vear. For the last-mentioned class, however, combined returns were
prepared representing the entire year's operation,

The statisties in regard to equipment and the balance sheet relate to Decem.ber
31, or to the last day of the business year eovered by the report of each establish-
ment. The number of employees was reported as of June 30, or the nearest
representative day.

Earlier censuses.—The census of electric light and power stations has been
taken at guinguennial intervals, beginning with 1902. Prior to that year, how-
ever, two partial canvasses of the industry had been made. The first, which was
made in conneetion with the census of manufactures in 1890, covered only the
State of New York and the city of St. Louis. At the second, which was made by
the Commissioner of Labor in 1898, returns were obtained from 320 of the 460
known municipal plants and 632 of the 2,572 eommercial plants then in existence.

The schedunles used at the six quinguennial eanvasses were similar in general
geope, hut numerous changes in detail have been made from census to census.

The most important revisions which appear in the schedule for 1927 as com-
pared with that for 1922 are: {1) An extension of the provision for engineering
data and (2) the omission of data on substations and on the operating expenses
of munieipal establishments in eities having fewer than 25,000 inhabitants.
{Munieipal establishinents in eities having 25,000 inhabitants or more were can-
vassed by the same schedule as was used for commercial establishments.) The
former ehange comprises o more detailed classification of prime movers, of gener-
ators, of transmission lines; o more detailed alloeation of the energy output among
the various elasses of consumers; a clagsifieation by source; and the addition of
statistics on fuel eonsumption.

Light, heat, and power.—3ince in the cases of many customers using eurrent
bath for light and for heat and power only one meter is used for measuring the
consumption, it is impossible to show a complete distribution of current consumed
in these two classes of service. Domestie service, while consisting largely of
lighting, also ineludes the operation of small appliances in whieh current is used
for heat and power. Moreover, there is evidence that this form of application of
electrical energy is increasing, probably at a more rapid rate than is the use of
energy for lighting in the home.

Commercial service is divided into two groups, “Small light and power (retail) ”’
and *“Large light and power (wholesale).” On the whole, lighting predominates
in the former whereas it accounts for but a small percentage of the energy con-
sumied under the latter heading. Energy sales at wholesale to ultimate con-
sumers are almost invarisbly made for industrial purposes, i. e., the operation of
mills and faectories and, in elties, the Hghting of large office buildings. They
include electrical energy nsed for thermal or eleetrochemical processes.

Free service.—In earlier vensuses an estimated value was put on free service
repdered by establishments in supplying energy for lighting streets, parks, and
public buildings. In the present report the amount of energy used for free
service Is stated (Table 233, hut no value has been assigned to it.




Chapter L.—GROWTH OF THE ELECTRIC LIGHT AND
POWER INDUSTRY

The most obvious characteristic of the electric light and power industry during
the past 25 years has heen its uninterrupted growth in magnitude from census to
eensus (Table 5).  This has been accompanied by a continual inerease in mech-
anization and in the size both of the individual plant and of the generating units,
involving a decided decrease in the number of establishments during the last
decade of the pericd under review and an even more striking decrease in the
number of those establishments which generate all or a part of their energy (as
distinguished frem those operated entirely on purchased energy). The group of
establishments generating all or a part of their energy deecreaged frem 4,389 to
2,331 during the final 5-year period.

Thus, comparing 1927 with 1902, the number of kilowatt hours generated was
30 times as large; the kilowatt capacity of generators, 21 times; the horsepower
of prime movers, 19 times; the value of plant and equipment, 18 times; and the
number of persons employed, 8 times. The customers were 11 times as numerous
in 1927 as in 1907. (The number in 1902 was not reported.)

In this remarkable growth both classes of establishments, munieipal and com-
mereial, participated at an almost equal rate, so that the proportions between
the two have not changed radically in 25 years; in the latter part of the period
the rate for commercial has in most respects been somewhat greater than that
for municipal systems. In 1927 the former generated 95.5 per cent of all the
energy, had 90 per cent of the customers, and operated ahout 94 per cent of the
prime-mover horsepower. Numerically, however, more than half the establish-
ments were municipal, their average size, thercfore, being much less than that
of the commereial,

Although the horsepower of prime movers was 19 times as large at the end of
the period as at the beginning, the number of units increased only 61 per cent,

the average rating per unit having been ahout 12 times as high in 1927 as in 1902,

In the case of generators, the rate of increase in average rating per unit nearly
kept pace with that in the total kilowatt capacity, so that, although the combined
capacity was multiplied by 21, the number, 12,000 in 1927, did not depart by

more than 12 per cent from this figure at any enumeration within the 25-year .

period.

Total revenue and revenue from electric service {Table 5).—Total revenue
includes, in addition to revenue from electric service, the net income from other
than operating sources for purely electrical establishments and, for composite
establishments, the net income from the operation of other utilities. In each
group the revenue has greatly increased during each 5-year interval of the entire

26-year period. For the industry as a whole the growth in energy output has "

been even greater, except between 1917 and 1922, when a general rise of com-
modity prices occurred. Although the net nonelectric revenue has been increas-

ing, and although it was nearly three times as great in 1927 as in 1922, it still ‘

constitutes only about 8 per cent of the total. For purely electric commereial
establishments it was less (4.4 per cent). The larger ratio (10.8 per cent) for
composite commercial establishments is acecounted for in part by the $85,248,300
{Table 25) net revenue from the operation of other utilities. 17
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For municipal establishments, both purely electric and composite, .the same
figures appear in Table 5 for total revenue and for revenue from electric service.
The schedules sent to munieipal establishments in cities having fewer tha‘n ?5,000
inhabitants did not eall fur data on nonelectric revenue, From the s?atlstlcs for
the larger cities (Tables 68 and 69) it appears that their nonelectric revenues
amounted to 1,664,620, which is about 3 per cent of the total revenues fc.ar. t:hls
group. Of this, by far the larger part came from the operation of other utilities;
the noneperating revenue was only $202,861. Since the electrical pureaus of
municipalities do not in general engage in the merchandising of appliances, the
amission of such data for the entire municipal group does not seriously affect the
conelusions to be drawn from the statistics.

Revenue compared with investment (Table 14).—Compared with most other
industries, the value of plant and equipment in the electric light and power
industry per dollar of annual revenue is large. It has varied from census fo
census, but except in 1922 more than $5 worth of plant was required to earn a
dellar of revenue. From $5.88 in 19002 the amount rose to $7.31 in 1912, fellito
$4.31 in 1922, then inereased again to $5.09 in 1927. An unusually large fraction
of the earnings is therefore consumed in meeting capital charges.

Steam and water power (Table 7).—The ratio of water power to power in other
forms for the operation of prime movers has not varied greatly since 1907. Horsg-
power jn hydroturbines constituted about 28 per cent of the total in 1927. This
was the minimum for the 20-vear period; the maximum was 33.1 per cent for 1917,
In 1027 more than 68 per cent of the total horsepower was in the form of steam
turbines. The horsepower in steam engines has deereased at each successive
census sinee 1912, The horsepower in internal-combustion engines has been
increasing rapidly, but still eonstituted only a very small proportion of the total
in 1927—approsimately 1.5 per cent.

Growth in plant and output {Tables 7 and 11).~—The installed horsepower in
central eleciric light and power plants has increased far more rapidly than the
population, having risen from 0.02 horsepower per capita in 1902 to 0.30 in 1927.

The energy generated Liss also inereased at a much more rapid rate than the
population.  During each of the first three 5-year periods it approximately
doubled; during the last two it inereased at a somewhat less rapid rate, hut
nevertheless rose In 1927 to 630 kilowatt-hours per capita. It isto be particularly
noted that this figure takes into account energy generated by central electric
light and power establishments only; it would be considerably larger if data for
the output of the various other producers of electrical energy were included, as
in Table 4.

The number of kilowatts of capacity per employee increased from 40 in 1902
1o 103 in 1927; the output per employee, from 82,700 to 207,500 kilowatt-hours;
and the number of eustomers per employee, from 41 in 1907 to 87 in 1027, (See
Table 15.) R

Increase in size of prime movers (Tables 7 and 8).—The average size of prime
movers has increased rapidly, particularly during the last five years, when the
combined average for all prime movers almost doubled. The increase occurred
in all types, but is most noteworthy in the eases of the predominant types, steam
turbines and hydroturbines. Steam engines have in large measure been super-
seded by steam turbines, the former having decreased in both number and horse-
power during each 5-year period since 1912, while the horsepower of the latter
muliiplied eightfold and the number nearly trebled between that year and 1927,

Prime movers directly connected {Table 6).—~In 1902, when it was still to some
extent the practice to drive several generators by belts and shafting from one
steam engine or water wheel, the generators outnumbered the prime movers by
nearly 60 per cent. By 1917, direet connection of prime movers to generators
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was the rule, with consequent elimination of mechanical-transmission losses; and
from that time on the number of prime movers at each census has been nearly
the same as the number of generators.

Power other than from steam (Table 7).—Water power first inereased, then
decreased, in relative importance. Hydroturbine horsepower rose from 23.7
per cent of the aggregate in 1902 to 33.1 per cent in 1917, then fell to 27.6 per
cent in 1927. Horsepower in internal-combustion engines constitutes 1.5 per
cent of the aggregate. It rose from 0.7 of 1 per cent in 1902 to 1.4 per cent in
1907, since which year there has been little variation in its proportion of the aggre-

rate. Inaverage size, internal-combustion engines are the smallest prime movers.
In the central-station field their most important application is in providing
service in small communities not reached by transmission lines. }

Fuel consumption (Table 9).—Bituminous coal, constituting 84.6 per cent of
the total in 1927, is and always has been the most important fuel, Next in order
come natural gas, anthracite, and fuel oil with its derivatives. The use of the
last-named class of fuels was about 16 per cent greater in 1927 than in 1917, but
much less than in 1922, whereas the use of gas has been increasing rapidly,
having more than trebled in the final 5-year period. In faet, the increase in the
use of gas much more than counterbalanced the decrease infuel-oil consumption.

Predominance of alternating-current generators (Table 10).~—Although the
aggregate generator rating was twenty-one times as great in 1927 as in 1902,
direct-current installations, after increasing slightly between 1902 and 1907, have
since decreased from census to census, until in 1927 they contributed only 1.1 per
cent of the total generator capacity, as against 39 per cent in 1902. The fre-
quency of 60 cycles per second predominates to the extent that the capacity
at that frequency constitutes 84.2 per cent of the total, leaving 10.6 per cent at
25 cycles and the remainder at other frequencies.

Customers and ultimate consumers (Table 12).—The number of ultimate con-
sumers is very nearly equal to the total number of customers. In 1927 the dif-
ference hetween the two was less than 4,000. In earlier years it was undoubt~
edly smaller, because the practice of intercompany sales on the part of generating
companies and of the purchase of energy at wholesale for resale by local private
or municipal. establishments is of comparatively recent growth. The lack of
statistics on the number of ultimate consumers for years prior to 1927 may
therefore be safely ignored.

Sales to ultimate consumers (Table 12).—Sales to ultimate consumers nearly
doubled between 1922 and 1927. An analysis of the increase by classes is imprac-
ticable. The classification used for 1927 was much more detailed than those for
earlier census years and differed from them in that it provided not merely for a
subdivision of older groups but in part for a different allocation of energy to
ezonform to more modern accounting practice.

Reduction in transmission losses: (Table 13).—The growing concentration of
power-producing equipment in large plants, some of them at a distance from
centers of consumption, and the increasing inferchange of energy between sys-
tems made possible by interconnections, reflected in the large total of energy
purchased for resale, might be expected to lead to an increase in transmission
and distribution losses. The contrary is the fact, however. In 1922 losses in
transmission, etc., constituted 17.3 per cent of the energy generated by the
electrie light and power industry plus that brought into it from other sources,
but in 1927 the corresponding percentage had fallen to 15.9.

Kilowatt-hour output per kilowatt installed (Table 5).—During the 25 years
ecovered by the several censuses the annual output per kilowait of generator
capacity has risen from 2,070 kilowatt-hours in 1902 to 2,890 kilowatt-hours in
1927. These figures represent 23.6 per cent and 33 per cent, respectively, of the



20 CENSUS OF ELECTRICAL INDUSTRIES: 1927

possible output if the entire equipment had been operated continuously at full
load throughout the vear.

The total installed eapacity on a system is determined by the mazimum load or
demand at any given time plus a suitable allowance for reserve, including reserve
for water-power plants to meet the contingencies of an inadequate water supply.
The output is determined by the total energy taken during the year by all users
plus the inevitable losses. Sinee the maximum demand continues during only
a small part of each day, it follows that the actual output is in general muech less
than that whieh might be obtained from the generating equipment if it were
operated continuously.

The inerease in the output per kilowatt of generator eapacity is to be aseribed
mainly to the faet that the use of electric power has inereased much more rapidly
than the use of electricity for lighting, This has contributed materially to the
reduetion in the price at which energy is sold.

Yalue of plant and equipment compared with rated capacity and revenue
(Tahle 14),—Notwithstanding the generally higher level of commodity prices in
recent years, the average value of plant and equipment per kilowatt of generator
eapacity ($360) was materially less in 1927 than in any census year prior to 1917,
No great variations oecurred from 1902 to 1912, in which year the average was
$421, The minimum reported was for 1922. A factor contributing to the suh-

“sequent inerease may be found in the large amount of transmission-line construc-
tion that has taken place in recent years. This in turn has helped to make
possible the larger output per kilowati of rated generator capacity.

Employees, salaries, and wages (Table 15).—During the quarter century the
number of employees of eommercial stations multiplied ninefold and their salaries
and wages about twentyfold. The change was accompanied by a pronounced
shift from the wage earner to the salaried class;in 1602 the latter constituted
less than 23 per cent of the total number; in 1927, 41 per cent.

As in other industries, the output per employee has been increasing, for eight
times as many employees generated thirty times as much energy in 1927 as in
1802, The explanation is, of course, to be found chiefly in the progress of mech-
anization, which has been applied in all departments, whether in the form of
automatie stokers in the boiler room or of office machinery in the accounting
division. The rate of increase during the latest 5-year period fell slightly below
that for 1907-1912, but much exeeeded that for any other similar period.

The statistics on employees in the several groups shown in Table 2, purely
electric and composite, commereial and municipal, do not readily lend themselves
to valid comparisons because of changes that may from census to census have
oceurred within and between the groups, as, for instance, the varying proportions
of operations on generated and on purchased energy, which would affect the
number of employees for generation and transmission,
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS

TABLE 6.—SuMMARY: 1002 10 1927

25

1927 1922 - 1917
Number of establishments___..ccoooveveacan O, 4,335 6,355 8, 542
Generating all or part of current.. 2,331 4,389 5,124
Purchasing all current —— 2,004 1,966 1,418

Number of separate generating stations

4,801 5,444 5,962

Value of plant and equipment. ... i —— 1$9, 207, 458,350 | $4, 465, 015, 691 | $3, 060, 392, 141
Total number of persons employed - cee ... SO 251, 020 150, 762 105, 541
Prime movers:

Number of units 12,030 . 13,242 13,795

FRated capacity, hoTseDower. - . ovomcrceonoccmcenn- 85, 710, 128 19, 850, 860 12, 936, 756
Generators:

Number...--. — - 11,067 12,701 13,428

Rated capacity, kilowatts- - oo mneomimee e 25,811, 303 14,313, 438 8, 994, 407
Current generated, kllowatt-hours ... 74, 686, 378. 010 | 40, 201, 536,435 | 25, 438, 303, 272
Current sold, kilowatt-hours_ ..o 70,011, 210, 518 | 41, 964, 785,034 | 25, 751, 904, 800
Number of customers - 21, 700, 238 12,709, 868 7,178,708

1912 1907 1902

Number of establishments - 5 221 4,714 3,620

Generating all or part of current 4,646 4, 487

Purchasing all eurrent. ..o v ccceeeee 575 227 *)
Number of separate generating stations. - ooooooovooo. () 2 *
Value of plant and equipment . $2, 175,678, 260 | %1,096, 913, 22 $504, 740,352
Total number of persons employed. .. cooeoveommmmmmnan- 79, 335 47,632 30, 32
Prime movers:

Number of units . 11,902 10, 898 7,850

Rated capacity, horsepower- . o ccomeememr e 7, 530, 044 4,098,188 1, 845,048
Generators:

NUMDEL e e oo e v ——— 12, 610 12,173 12,484

Rated capacity, kilowatts. oo eaeas 5,165,439 2,704, 225 1,212,235
Current generated, kilowatt-hours — 11, 569, 109, 885 | 5,862, 276, 737 2, 507,051,115
Current gold, kilowatt-hours 2 2 7)
Number of customers.... - 3,837,518 1,944,679 )

{

i

t Ineludes $902,057,279, value of plant and equipment owned by ecompanies engaged in the operation of
electric light and power plants and other public utilities, not distributed among the several utilities.

? Not reported,

TapLE T.—PriMvE Movers—NumMBER AND RaTEDp HORSEPOWER, BY TYPE,
Ary EsTaBLisEMENTS: 1902 To 1927

AGGREGATE BTEAM TURBINES  STEAM ENGINES
CENSUS YEAR 7

Number | Horsepower | Number i Horsepower | Number {Horsepowar

1627 . 12,030 35,710,128 2,864 ! 24,323, 304 2,267 994, 27
1522 . 13,242 19, 850, 860 2,330 | 12,354, 851 4,175 1,371,296
1017 13,785 12, 936, 755 1,689 1 6, 747, 369 5, 788 1, 701, 677
1612 _ 11, 902 7, 530, 044 1,034 i 3, 054, 396 6,813 1,895,382
1807 e 10, 998 4,008,188 377 | 817,410 7,877 1,875,863
1602 . , 850 1, 845, 048 m ' 8, 205 1,304,395

INTERNAL-COMBUS-
TION ENGINES HYDROTURBINES Horse-
CENSUS YEAR - Population ? p%‘;_er
orse-

Number power Number | Horsepower { capita
1027 e 3,177 | 548,288 | 3,722 9,844,263 || 118,628,000  0.30
1029, 3,2 302, 995 3,481 5,822, 01 ; 108, 883, 000 .18
1017_- 2,934 210, 406 3,374 4,277,273 || 102, 173, 000 .13
1912. . 1,116 111,035 2,930 2,468, 231 | 95, 097, 600 .08
463 55, 828 2,481 1,349,087 || 87, 455, 000 .05
165 12,181 | 1,390 438,472 i 79, 365, 000 .02

1 For 1902, data for steam turbines were included in figures for steam engines.
1 Bureau of the Census estimate as of July 1 for all years,

2106—30—~——3
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TaBLE 8.~—PrIME MOVERS—AVERAGE S1zE, BY TYPE, ALL ESTABLISHMENTSI

1902 ro 1927

} Internal- .
| Aggregate | Steom | Steam eomiucfion) Hydro,
CENSUS YEAR 1 (horse)- (horse- (horse- cégginas (borse-
| power, . ) orse-
* power) power) power) poawer)
| |
I sl 8, 493 439 173 2,645
1,499 5,302 3 93 1,673
038 || 3,971 204 7 1,268
633 |} 2,954 2:8 99 840
373 4 2,168 265 121 544
235 0] 23 74 315

1 Data for steam turbines were included in figures for steam engines.

Tapre 9.—CoxNsumprioN oF FueL, BY Kinp, Anr EsTaBLISHMENTS: 1927,
1922, axp 1917

| T
Unit of measure 1927 | 1922 l 1917
|
Anthracite .- ; Ton (2,240 1bs.). .. 1, 787, 603 1, 638, 444 1 2,180, 183
Bituminous coal. i Ton (2,000 1bs.) 35, 681,314 24, 402, 421 19, 385, 0@
COKP.. - nramene 31,623 36, 699 83,137
Fuel oil, kerosene, or gasoling 7,145,768 | 11,855,969 6,158, 219
Manufactured . 6, 160, 753 204
Natural._.. 0o 59, 362, 039 i} 20,174,385 | 14,168,
Total fuel consumed, estimated in equiva- | Ton (2,000 1bs.j_..| 42,215,342 | 30,200, 520 24, 038, 709
ITent tons of coal,t 1

1 The guantities of the several fuels other than cosl have been reduced to their equivalents in tons (o §
2,000 pounds) of coal by the use of the following ratios supplied by the Bureau of Mines: Oil, 4 barrels;
natural gas, 23,000 cubic feet; manufactured gas, 45,000 cubie feet; coke, 1,15 tons, d

TasLe 10.—GENERATORS—RATED CarAcity, BY TYPE, ALL ESTABLISHMENTS

1902 1o 1927

KILOWATT CAPACITY OF GENERATORS

CENBUS YEAR Alternati Direct

roating- ect-

Total current current
1927 25, 811, 305 125, 537, 728 273, 579
1922 14,313, 438 13, 972, 505 340, 933
1917.. , 004, 407 8, 557,720 436, 6887
1612 5,165, 438 4, 689, 199 476, 240
1007. 2, 709, 225 2,221,773 487, 452
1902.... 1,212,235 , 304 475, 931

125-cycle, 2,743,123; 60-cycle, 21,744 481; other frequencies, 1,050,122,
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TaBLE 11.—~CURRENT GENERATED AND (UnrENT RECEIVED FrROM OTHER
SouRrces, AND GENERATED Qurrur Per Carita, ALl EsTABLISEMENTS: 1902

To 1927
QUTPUT (EILOWATT-HOURS) Gener-
ated
i output
CENSUS YEAR \ Population? | F&
! Received from capite
1 -
Total Generated other sources &l'c;lt%‘
hours)
96, 828, 633, 719 ;| 3 74, 686, 378, 010 22, 142, 255, 708 118, 628, GO0 630
50, 274, 212, 502 40, 201, 536, 435 9, 982, 676, 157 109, 893, 600 367
31, 044, 049, 234 25, 438, 308, 272 5, 608, 745, 962 102,173, 600 249
14, 182, 612, 490 11, 569, 109, 885 2, 613, 502, 605 95, 097, 000 122
5,862, 276, 737 5, 862, 276, 737 () 87, 455, 000 67
2, 507, 051,115 2, 507, 051,115 ) 79, 365, 060 32

! Where energy “‘received from other sources” is included, duplication is involved as such energy was in
large pa{tdp}xtchased from other electric light and power companies and is therefore ineluded under
“generated.”

1 As estimated for July first of each year.

? Generated by steam, 45,391,190,914 kilowatt-hours; by water, 28,718,138,409; by internal-combustion
engines, 577,048,687,

4 Not reported.

Tasre 12.—CusroMers PER 1,000 PoruraTioN, Sares PEr CapiTa, aANp CoN-
suMpTION PER CusTOoMER, ALL EsTABLIsHMENTS: 1927, 10922, anp 1017

1927 1922 1917
Number of customers - 121,788, 817 2132, 706, 868 7,178,703
Kilowatt-hours sold to ulfimate consumers.......... 63, 612, 481, 088 32,047, 716,350 | 18,287,344, 226
Population_ 118, 628, 000 109, 843, 000 102, 173, 000
Customers per 1,000 population. oo cooreceoccvnanna. 183.7 115, 7 50.3
Kilowatt-hours sold per capita. 538 300 179
Kilowatt-hours consumed per customer.

2,920 2,562 3,547

1 Ultimate consumers. In addition, 3,921 customers purchased current for resale. 5
*Twnta; number of customers. (Schedules for 1922 and 1917 did not call for number of ultimate con-
FHIETS.

TazLe 13.—0urpur oF CURRENT, SaALES, CONSUMPTION IN THE INDUSTRY, AND
Losses 1y TransMmissioN: 1927 axp 1922

KILOWATT-HOURS
1927 1922
Aggregate output: Current generated by the electric light

and power industry and current purchased from other .
sources (including imports from Canada).....caceccvoann 78,457,778, 214 41, 257, 143,908
Cuarrent sold to nltimate consumers. 63, 612, 481, 088 32, 957, 716,350
Current used by the industry and for free service..eeeeccacceeen 2,369, 395, 540 1,174, 660, 764
Current lest in transmission, ete- - 12,475, 901, 586 7,134, 768, 704
Per cent lost.. 15,9 17.3
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TABLE 14,—VaLUE oF Prant axp Equipsmext, Ratep Capacity o¥ GENEE-

ATORS, AND REVENUE FroM ELECTRIC SERVICE, ALL ESTABLISHMENTS: 1902
To 1927

; Invest-

; ment in

| Average plantand

Valueof plant | e ot one Wowner | R 1 uﬁ"tiger

—— 7alue of plant | ity of gener- | kilowa evenue from

CENSUS YEAR and equiJmth ators (kilo- 1 of gener- | electric service 3 | dallar of
watts) | ating ca- revenus

pacity from elec-

! tric serv-

! ice

5| 20,814,303 1 4360 | 381,824, 456,012 $5.00

T 14,313,438 ¢ 312 41, 034,045,401 4.31
i 8, 444, 407 } 340 5 518, 01, 43 §.90
5,143,430 421 5207, 351,449 7.31
2,709,225 | 405 & 175, 642, 333 8.24
1,212,235 | 416 8 85, 700, 603 5,8%

! Ingludes revenue fromn sales of electric current to nitimate consumers, sales for resale, and miscellaneous
electric revenue (sales of cleciric merrhnudize, ete)) . .

* Includes $302,057,274, valie of plant and equipment owned hy companies engaged in the operation of
electrie Hght and pawer plants and other puhlie utilities, not distributed amouny the several utilities.

% Figure for 1697 includes £135,/09.927 for revenue from * Sales for resale’” and also includes * AMiseella-
nepts electrie revenue’™ from comner pstublizhments ouly, X

¢ Figure for 1922 includes §75,010,% 4 for revenne from ** Sules for resale’’; no corresponding figures for ear-
ler yesrs, Estimsated value of free service is also included.

5 Includes estimated value of free service, |

TasLe 18.—8spariep EmpLovEES, WaceE Earxers, Saparigs, axp WAGES,
CoMMERCIAL ExTaABLIREMENTS: 1902 To 1927

i ALL EMPLOTEES | saLamign Eyrrovees WAGE EARNERS
CENSUS YEIR ’ cu ; -
S | Sularies and - Zalari J ;
1 Number 1 wages \ Number : Zalaries Number Wages
b ! i i
i i 1
‘ i
234,747 | 347,631,756 | U 810,340,945 | 1138,796 | $201,200, 810
136, 105 ; 194, 148,121 | | 81, 338, 448 235,438 112, 809,673
04,675 | 86, 473, 496 | 592 | 34, 438, 866 342, 087 52, 034, 630
71,395 | 55,658,535 T 290637, 077 147,518 33, 021, 438
42,066 | 31,935,300 | 51 10,735,956 30, 601 21, 196, 854
2,909 | 18, 766, 430 |; 6, 046 ; 5, 208, 199 20, 863 13, 60, 771
i i .

1 Number June 30, 1527, or pearest representstive day.
! Number June 30, 1922, or nearest representative day.
3 Number Sept. 29, 1817, or nearest representative day.
§ Number Sept, 15, 1912, or nearest reprsentative doy.




Chapter IL.—DETAILED STATISTICS FOR THE INDUSTRY

In this chapter detailed statistics on the industry are presented for 1927 in
classified form. These cover physical equipment—prime movers, generators,
and transmission lines; yearly consumption of current; allocations of sales and
revenue by consumer groups; & consolidated balance sheet for commercial
companies; and a consolidated income, operating revenue, and expense statement
for commercial establishments.

Prime movers (Table 16).——Steam turbines have become the most important
prime movers in respect of horsepower capacity, although outnumbered both by
hydroturbines, which come next in horsepower, and by internal-combustion
engines, which contribute only 1.5 per cent of the total horsepower, The horse-
power of steam engines amounted to 3 per cent of the total. OF the total rating
of the steam turbines, over half is in unite of 20,000 horsepower and larger,
while of the total for hydroturbines about 44 per cent is found in the 5,000-20,000
horsepower group.

The 1927 figures show a new group beginning at 20,000 horsepower, subdividing
the group of larger units which in previous reports began at 5,000 horsepower.
(8ee Table 30 of report for 1922)) Comparison of the two reports reveals a
pronounced trend toward the larger sizes. In both steam turbines and hydro-
turbines, the total horsepower of the group of the smallest units (500 horsepower
or under) decreased, while that of all the other groups inereased.

Since 1922 the horsepower of steam turbines in the units of largest size more
than doubled and that of the corresponding size of hydroturbine increased
about 83 per cent. Meanwhile the total horsepower of steam engines in every
group has decreased.

Fuel consumption per kilowatt hour (Table 17).—The increase in operating
efficiency, resulting in a greatly increased output of electrical energy per pound
of fuel consumed, is brought out inferentially by the census figures. The 1927
statisties show, for the first time, the average consumption of coal or its equiva-
lent per kilowatt-hour of current generated—1.84 pounds. The census report
for 1922 gives statistics on fuel consumption, but does not segregate the kilowatt-
hours generated from fuel. Analysis indicates, however, that the fuel consump-
tion per kilowatt-hour generated was probably between 32 and 36 per cent greater ‘
in that year than in 1927. Data from other sources indicate that 35 per cent
may be assumed as a fair approximation, that the progress between 1917 and
1922 was even greater, and that the average amount of electrical energy produced
per pound of fuel consumed in 1927 was probably between 90 and 100 per cent
larger than it was 10 years earlier.

For earlier years data on which to base statistical averages are lacking. En-
gineering progress has been such, however, that it is probably conservative to
say that the amount of fuel required to produce one kilowatt-hour of electrical
energy has been reduced so that it is now between one-fifth and one-fourth of
the amount required at the beginning of the quarter-century.

Generators (Tables 18 and 19).—Most generators are direct-connected to their
prime movers; the numbers therefore correspond quite closely (Tables 16 and

18).
) 29
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By far the predominating type of generators is the 60-cycle alternating, which
contributes %4.2 per cent of the aggregate generator rating. Only about 1 per
cent is found in direet-eurrent generators.

Current generated and current obtained from other sources (Tables 20 and
27} —In addition to ile energy generated in electric light and power plants, the
industry obtains a certain amount of energy from outside sources by purchase,
g0 thut, of the total amount of energy aceounted for, 95.2 per cent is generated -
within the industry and 4.8 per cent is obtained from other sources. Nearly all
the latter nmount is purehased by commercial establishments, more than one-
third heing imported from Canada and the remainder eoming from manufacturing
plants znd other sources ontgide the eleetrie light and power industry in the
United States,

Furthernore, a very eonsiderable amount of current is purchased from estab-
lishroents within the industry, in part by the 2,004 plants that have no generating
erquipment but purehasze all their energy at wholesale for retail distribution to
other copsumers, and in part by those which have generating equipment but find
it expedient froom time to time, beeause of the exigencies of their load and the
Hmitations of their power equipment, to add to their own produetion. The
awount of cuergy thus purchased by establishments within the industry has
ineres greatly, espeeially during the period from 1922 to 1927 (Table 11),
Economieally, it refleets 4 more efficient utilization of both water and steam power
plants—af the former, by transmdtting to a distance the energy which could not
be utilized in the local market at times of abundant stream flow, and, of the
latter, by making full use of the most efficient steam plants within a large area
and transmitting energy from them at periods of deficient water power in the
territory normaily served by hydro plants.  Physieally it has been made possible
by the extensive construetion of high-tension transmission lines and the installa-
tion of large, ceonomieally operated power stations advantageously situated as to
fuel supply and water,

The result iz that, in addition to nearly 75,000,000,000 kilowatt-hours generated
within the industry, another 22,000,000,000 kilowatt-hours (Table 5) is to be
acecunied for in arriving at the grand total of which disposal is made, constituted
as follows: Sales to ultimate consumers; sales at wholesale to other domestie
light and power establishments; energy used by the eompanies themselves for
their own operations; and, finally, the inevitable transmission, conversion, and
distribution losses. This additional 22,000,000,000 kilowatt-hours includes
somewhat less than 4,000,000,000 representing purchases from manufacturing
plants and other soureas ontside the light and power industry in the United
States and from public-utility eleetric svstens in Canada, and the remainder
is duplication representing purchases for resale within the industry.

Transmission lines (Table 21).—It is known that in recent vears there has
been a great inerease in the amount of transmission-line mileage, but statisties
for measuring that increase are laeking. In the schedules for 1927 data were
called for only for lines of 6,600 volts or more, and these are summarized by
groups. In the schedule for 1922, however, the lowest voltage specified was
“under 2,000 volts.”  Data for a great amount of mileage under 6,800 volts were
therefore ineluded in the figures for the earlier census and excluded from those
for the later one.  Moreover, owing to the incompleteness of the returns in respeet
of voltage, no segregation of the figures for the low-voltage groups was made.
Thus it is impossible to draw any conelusion from a comparison of the 176,309
miles of line reported in the earlier census and the 185,449 miles on an entirely
different hasis shown in the later report.

The 1927 schedule ealled for data on the mileage of transmission lines, speci-
fically excluding distribution lines.  For this reason it should not be assumed that
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the returns indicate the mileage of circuit of all electric light and power lines in
the United States operated at 6,600 volts or more. Many companies have dis-
tribution circuits operated at more than 6,600 volts; in some instances lines at
much higher voltages are considered parts of distribution systems. Under the
terms of the schedule these were not reported.

The practice of carrying two high-tension eircuits on one pole or power line is
not uncomion; occasionally more than two circuits are so mounted. The line
mileage is therefore somewhat less than the circuit mileage.

Three-wire circuits are generally used for transmission; the wire mileage is
therefore approximately three times the reported circuit mileage.

Consumer groups (Tables 22, 23, and 24).—The present census divides the
consumers into a much larger number of classes than was done in previous years.
In place of the two groups, “‘lighting’’ and *‘power,” shown for 1922, the sales
now reported show domestic service (residential consumption), saleg for ‘‘small
light and power (retail),” sales for ‘‘large light and power (wholesale),” and
sales for farm service. Some of the reporting companies failed to indicate the
class of service. In such cases the aggregates of these figures are shown in the
tables under the designation ‘Undistributed by class of service.”

Considered merely on a numerical basis, domestic customers constitute by far
the largest proportion of the total number of customers. It may be assumed
without serious error that those returned as “undistributed by class of service”
consist almost exelusively of two elasses, namely, those receiving domestie service
and small commercial users of light and power.

It is also reasonable to assume that the allocation between these two classes
does not depart materially from the allocation hetween the same classes where
they are separately reported. If the figures are adjusted on this basis, domestic
customers constitute about 83.1 per cent of the total number, those receiving
eommerecial serviee for light and power at retail constitute 14.4 per cent, and all
others together 2.5 per cent. These ratios will necessarily vary somewhat,
however, in the individual States. ‘

Energy consumption by class of service (Table 22)}.—In respect of energy
consumption, however, the ratios are very different. If the undistributed energy
is allocated in the same manner as the customers, it is found that only 13.2 per
cent of the total sales are for domestic service and 19.1 per cent are to the small
commercial users of energy for light and power, while 52.6 per cent of the total
sales are to wholesale consumers. The latter group consists mainly of large
industries which depend on. central-station service for their power.

Electric railways and electrified railroads take nearly 10 per cent. The
farm service definitely reported accounts for 1.3 per cent, to which should be
added an unknown but not large amount included in other classifications by com-
panies that do not keep separate records of sales for farm use. As ‘‘farm service”’
combines energy used in irrigation and in other farm activities, the rates vary
from very low to high. (For geographical variations, see Chapter II1.)

Since the users of commercial service for “small light and power” are, in the
main, mercantile establishments, offices, small factories, repair shops, and
various minor industrial establishments, it is evident that an appreciable fraction
of the energy reported as sold to such customers is used for power purposes,
although the major portion is undoubtedly used for lighting. Of the “large light
and power (wholesale)”’ sales of energy, only a small portion is used for lighting,
most of it being utilized for mechanical power and electro-thermal and electro-
chemical processes.

Retail commercial sales exceed domestic sales by a wide margin and wholesale
energy sales exceed the two combined by an even wider margin. The ratios vary
geographically. Wholesale energy stands out even more prominently in the
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Middle Atlantic States (Table 34). The distinetion between wholesale and _retail
energy is one of definition. There is no hard and fast dividing line; practice as
between different companies is not uniform. These conditions must be borne in
mind in interpreting the statisties, .

The balance sheet (Table 25).—The schedule sent to commercial companies
called fur o hbalance sheet as of December 31, 1927. Municipal systergs were
asked to report on investment in plant and equipment for electric service and
bonds outstanding against the electric plant. The eonsolidated balance sheet,
therefore, applies to commercial companies only. )

The existence of numerous composite establishments—that is, those rerlflerlng
public-utility services other than the sale of electrical energy—makes it difficult
to determine aceurately the investment in the electric light and power industry.
Nearly 4 establishments in 10 are composite (Table 5), and they are, on t‘he
average, much larger than the others; in fact, the 711 commercial composite
extablishments receive more than 61 per cent of the revenue for electric service
reported for the entire industry.  In many cases the allocation of the eapital to
the several kinds of utilities is impracticable if not impossible. The schedule
therefore called for separate figures on the value of plant and equipment (esti-
nusted, if necessary) used for supplying electrical energy and on the value of that
userd for other purposes, In other respects the balance sheet was made to relate
to the eompany as a whole. In some cases, representing in the aggregate about
9 per cent of the total value of plant and equipment, no such separation was
made, the amount being given in the consolidated balance sheet as ‘‘undistrib-
uted.” If the undistributed item be omitted entirely, the average value of plant
and equipment is $397 per kilowatt of capacity; if the undistributed item be
ineluded in full, the value becomes $434. These values are based on the total of
24,383,271 kilowatts of generating capacity in eommercial establishments
{Table §;. Bince in general the electrical property constitutes by far the larger
portion of the property of composite systems, the actual value per kilowatt is
probably mueh nearer the latter than the former figure,

The aggregate capitalization of commereial establishments is 1.7 per cent less
than the value of their plant and equipment.

Congolidated income, operating-revenue, and expense statement for commer-
cial establishments (Table 26).—Schedules calling for returns on operating
expenses were gent only to commereizl companies and to those municipal systems
serving cities having 26,000 inhabitants or more. The summary statisties in
Table 26, relating to comumereial establishments only, account for 94.7 per cent
of the total revenue for electric service.

The revenue from the sale of electric current differs from that received from
ultimate consumers only (Table 62) by the revenue received from other electric
light and power establishments for energy purchased for ressle. .

Of the total eleetrie operating revenue received by commereial establishments,
fuel and taxes consume nearly equal shares, the former 9.3 and the latter 8.8 per
eent; 8.4 per cent is spent for purchased Ppower; and 6.3 per cent is allotted to
deprecintion or retirement expenses. Of “All other operating expenses, elec-
trig,” which item is sgusl to 26.4 per cent of the revenue, by far the larger share,
$367,631,756, or 2Z1.6 per eent of the total revenue, is for salaries and wages
{Table 15).

Energy erossing State lines (Table 27).~—The 1927 schedule sent to commercial
establishments ealled for data regarding energy crossing State lines.  Such data
were not, bowever, eollected from municipal systems, which, in general, serve
only loeal areas. (f the total for commercial systems, including what is gener-
ated within and what is purchased from sources putside the industry, 1.8 per cent
is received from Canada (thus erossing an international ¥ne rather than one
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between States), 4.3 per cent is received from plants of the same systems located
in other States, and 7.3 per cent is purchased from public-utility electric com-
panies, including street railways, in other States. In part, these quantities
represent importations of energy into States because of inadequate local supplies,
or corresponding exports because of physical or economie considerations. Freight
rates on fuels, available water, and other factors have in a number of instances
led light and power companies to operate important generating stations beyond
the borders of the States in which most of the energy is consumed,

TapLe 16.—PriME MoveErs—NUMBER AND HORSEPOWER, BY TYPE AND BY
Horserower Groups, ALL ESTABLISHMENTS: 1027

TOTAL STEAM TURBINES

Per cent distri-

SIZE GROUP butlen
Number | Horsepower \ Nb‘g." Horsepower
Num- | Horse-
ber | power
Total . el 12,080 | 35,710,128 2, 864 24, 323, 304
Percent of total. .o | e 100.0 | 100.0 23.8 38,
Average h. p. of prime Movers....j-cecvenan bR 2 R RPN | SR 8,493
5000, P. Or 888 e 6, 680 1, 266, 713 56,5 3.5 87 80, 8!

. Nlore than 500 h. p. but less than 2,000 h. p.| 2,67 2, 665, 184 22.2 7.5 935 1,022, 338
2,000 h. p. or more but less than 5,000 h. p...| 1,036 3,265,472 8.6 8.1 557 1,744, 708
5,000 h. n. or more but less than 20,000 h. p..| 1,174 | 11,985, 704 9.8 33.8 712 7,521, 136
20,060 . P, OF TNOTL e e vvemacamrccamnamcnne 465 | 16, 527,085 3.9 46.3 373 13, Jai 230

INTERNAL-COM-
STEAM ENGINES | pron o arngs | HYDBOTURBINES
BIZE GROUP
Num- Horse- | Num- | Horse- | Num- Horse-
ber power ber power ber power

Total. 2, 267 904,273 | 3,177 | 548,288 ¢ 3,722 | 9,844,263
Per cent of total .. coonemoeeeeee 18.8 2.8 26.4 La a0, 9 27.6
Average h. p. of prime movers....|ceevorn-- 439 [oooenae 173 oo 2, 645
500 b, p. or less 1,812 416,248 | 2,980 | 403,004 | 1,592 366, 509
More than 500 h. p., but less than 2,600 h.p. 373 315,447 187 | 143,284 1 1,180 1, 181 115
2,000 h. p. or mors but less than 5,000 h, p. .., 69 172, 164 1 2,000 409 1, 346, 600
5,000 h. p. or more but less than 20,000 h. p_. 13 90,414 | 449 4 3'4 154
000 B, D 0T TNOTO e e e mmmmmm e ei et 92 572,825

Tapre 17.—ConNsuMPTION OF FUEL, BY Kinp, witE CoanL EQUIVALENT, ALL
EsTABLIsEMENTS: 1927

i Per
! Equivalent |cen: of

EIND Unit of measure Quantity tons of bitn- | total
minous eoal I | equiva-
lent fuel
Anthracite. —— Ton (2,240 Ibs.). __ 1, 757, 693 2,002, 217 4.7
Bituminous ¢08). ue e cccacemoccam e emeee Ton (2,000 Ibs.). - 35, 681, 314 33, 681 314 84.5
Coka Ton (2,000 1bs.). _~ 31,623 27,458 0.1
Fuel ofl, kerosene, or gasolne. .o oceevenrcen-- Barrel (42 gals.) 7, 145, 708 1, 136, 449 4.2
(as, manufactured 1,000 cu. ft- - -8, 160, 753 136, 906 0.3
Gas, natural. ... 1,000 ca. {t...- a8, 362, 039 2, 580, 958 6.1
Total equivalent fuel Ton (2,000 Ibs.). e cenn e 42, 215,342 100.0

Kilowatt-hours generated by fuel-burning y

generating stations Kilowatt-hour..... 45, 968, 280, 801 | ocomee e
Pounds of coal per kilowatt-hour of output L84 o

1 For conversion factors, coal equivalent, see footnote, Table b
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TaBLE 18.—GENERATORS—NUMBER AND KiLowarr Caraciry BY Tyee oF
PriME MOVER, FOR ALTERNATING-CURRENT BY FREQUENCY (GROUPS, aAND
FOR DIRECT-CURRENT, ALL ESTABLISHMENTS: 1927

NUMBER
! Alternating-current
TYFE OF PRIME MOVER |
A srate Dirget-
Aguregate: Other cun:en's
. Total ||25-cycle] 60-cycle fre-
; quences|
|
: |

B 71 R 1L, 067 |0 11,002 435 10, 200 [ 277
Bteam turbines ..o ooeeooaeiiaos J4ooasss ]l 283 143 2, 647 42
Bteam engines. 3,204 ’ 1,678 54 1,403 21
Internal-combus - 3,189 2,726 32 2, 658 36
Hydroturbines. c ae oo e e 3,548 3,466 206 3, 082 178

!
PER CENT DISTRIBUTION

e T w.o!  oel se| soi 23] a1
Bteam turbines.. 2.1l w1 50 917 L&l 1%
Eteamn engines. 19,2 86,2 2.3 83.0 0.9 13.5
Internal-combn! 26,6 85. 5 N ] &3.4 L1 4.5
Hydroturbings. . meeecocnes 30.1 { 96.3 5.7 85,7 4,9 7

CAPACITY (EILOWATTS)
TYPE OF FRIME MOVER Alternating-current
. Direct.
Agpregate :
Total s5cycle | 60-cycle (Other fre eurrens
o ! quencies
j H
| ;

Totale s o eececceaaes 25,811,305 || 25,587,726 || 2,743,123 | 21,744,481 ‘1,050,122 | 273,578
Eteamn turbines. . 17,848,124 || 17,827,787 || 2,013,150 | 15,462,906 = 351,731 | 20,337
Bteam engines. 697, 136 572, 200 71,955 474,008 ' 25,247 1 124,933
Internal-eomb 416, 533 404, 134 2,444 304, 406 ¢ 7,104 12, 3%

Hydroturbines 6,849, 512 6, 733, 605 685,574 | 5,412,081 665,950 | 115,967

PER CENT DISTRIBUTION

Total. e eeoeoeoeeeecannen 100.0 | 08,9 10.0 842 41 1.1
Bteam turhines. « «x v e cceeememmee- 69.1 |} 99.9 11.3 86. 6 2.0 01
Bteam engings. .. ceoem oo 2.7 4 82.1 10.3 68. 1 3.6 17.6
Internal-combustion engines L6 |l 7.0 0.6 94.7 L7 3.0
Hydroturbines_ ._..________ : 26.6 | 983 9.6 79.0 8.7 L7

1

TaBLE 19.—GENERATORS—AVERAGE Sz BY TYpE oF Prime MOVER, FOR
ALTERNATING-CURRENT BY FREQUENCY GROUPS, AND FOR DIRECT-CURRENT,
ArL EstaBLisaMENTS: 1927

[Based on Table 18]

|

! ALTERNATING-CURRENT

| irepts

| Total || 25-cycle | 60-cycle queerfciése-

| |

Total.._. . 2,157 2,30 6,306 2,113 3, 71 284

Steam turbines. ... vececrccececemcmmceeoee 6,184 | 6, 295 14,078 | 5842 8,375 3
Steam engines.__.__ 304 | 289 1, | 250 33

- - 2 1, 202 us

Internal-combustion engines 131 | 148 76 148 ’ 200 jirs
Hydroturbines. . 1,904 1,843 3182{ 1,736 874 s
i ;
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TasrLe 20,—0urrur—CURRENT GENERATED BY ELECTRIC LigHT AND POWER
EsraBLisaMENTS, BY TypPE oF PriME MovER, AND CURRENT PURCHASED
FROM SOURCES OUTSIDE THE INpUsTRY, ALL KSTABLISHMENTS: 1927

z Cilawatt. Per cent
PRIME MOVER Kilowatt-hours of total
Total: Current generated by the electric light and power industry
and carrent purchased from manufacturing plants and other :
sources (including imports from Canada)_.. 78,457,778, 214 100, 0
Tutal generated by the electric light and power industry. oo ________. 74, 686, 378, 010 95,2
Steam 45, 391, 190, 914 57.9
Water. - 28, 718, 138, 409 36.6
Internal-combust 577, 048, 687 0.7
Purchased from manufacturing plants and other sources outside the
electric light and power industry and from public-utility electric systems
0 CaNAdR. e ccmramn e ———— o 3, 771, 400, 204 4.8
118, 628, 00(1)
25,813,205 |
2, 894

TazLe 21.—Transmission Lings-——Mines oF Circorr, By Vorrace Capaciry,
CoMMERCIAL EsTABLISHMENTS: 1927

§ | Per cent

VOLTAGE CAPACITY l‘cfi‘rlfgi‘t" distri-

| bution
L 185,440 1 100.0
8,600 or mare but less than 11,000 volbs oo 20,317 | 11.0
11,000 or more but less than 33,000 volts 62, 969 34,0
33,000 or more but less than 66,000 VoltS.. oo ceeeeemuennn 59,934 ¢ 32.3
66,000 or more but less than 110,000 volts 24,701 13.4
110,000 or more but less than 220,000 volts... 16,170 | 87
220,000 volts or more. , 268 [ 0.6

TasLe 22.—CusroMsrs (UrTiMaTE CoNsUMERS ONLY), CurrENT SoLp, AND
REVENUE, BY CLASS OF SERVICE, WITH PER CENT DIsTRIBUTION, ALL EsraB-

LISEMENTS: 1927

CUSTOMERS CURRENT SOLD REVENUE
Pex; Pel;l Pert
cen Ao cen cen
Number | giee. 1| Kilowatt-hours distri- Amount distri-
bution bution hution
Total 21,786,817 | 100.0 i 63,612 481,088 | 100.0 |31, 667,045,571 | 100.0
FRI SIVICe. - eewccmccec oo 168, 450 0.8 835, 271, 354 1.3 17,252,957 1.0
Duomestie service___ 16,039, 066 73.6 7,105, 619,723 1.2 481, 509, 354 28.9
C«onéms;rﬁiall_ sﬁgvi ce(:1 (
T i and power (re-
tail} 1 ¢ b | 2,784,126 12.8 || 10,257, 240, 582 16.1 410, 652, 535 24.6
Largelightand
Esuijge) .% - ..‘-_P__-- 342, 256 L6 33, 4;%, gég, (1)92 5%. 3 ‘igg, 432. 2(1); 2{7). “t
Undistributed by class 2,424, 253 11.1 , 182, 3 . , 705, , 3
Munieipal streetylighting Zoeen 22, 232 0.1 1,741, 423: 872 2.7 77,198,896 4.6
Railé?ads-m%tivetpow%r: i
t and interurban rail-
;?:ys _______________________ 822 O] 6, 234, 081, 223 . 8 58, 860, 538 3.5
. Electrified steam - railroad
N gxc'virsions 38 Q] 518, 169, (41 0.8 5,330,485 0.3
Other Service.oaee cormeecscmmannan 5, 074 (O] 236,178,143 | 0.4 §, 023,470 0.3

f Includes all commercial service reported by municipal establishments,

2 Inpludes all municipal service *‘for which a charge was made by the light and power department.”
municipal establishments,

i Less than one-tenth of 1 per cent.
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TaBLE 28.—CrrreNT SoLp pER CUSTOMER, REVENUE FROM ELECTRIC SERVICE
PER CUSTOMER, AND AVERAGE REVENUE PER KILOWATT-HOUR Sorp, BY
Crass oF SemvicE, AuL EsTapLiseMeNTs: 1927

[Based on Table 22]

1
‘ Average
Kilowatt- | Revenue | Iévénue
per kilo
hours per Der  watt-hour
customer customer sold
\ | {cents
—|
! 2,920 7 2.6
4,959 103 2,1
a0 : 68
3,654 147 4.0
97,797 1,334 | 1.4
1,3 64 £3
78, 330 3,472 | 44
ive power: .
sl tnterurban rai 7,608, 371 71,606 0,9
2lectrified st ! 13,636,027 140,513 1.0
Other service. . 465, 54T 9450 ‘ 2.1

iz reported by munieipal establishments,
ive for which o charge was made by the light and power departments of

TapLE 24.—ToTar Correny; CrareNT Sonp To UnriMate CONSUMERS; Bal~
sNCE Nor Sorp, Accorping 10 Disposar; PER CEnT DISTRIBUTION] Ann
EstaBrLisumexTs: 1927

|

| Per cent
Kilowatt-hours . distri-

| bution

Total output: Current generated by the electric light and power i
induztry, and current purchased from manufacturing plants and other out- !
Hng imporis om Canars)e, v eeee cenenaes e m———— 78, 457, 778, 214 100.0

gitde sources {ir

Current sold to UIIMate CONSTINETS e mmn e e s ve v emmmm 63, 612, 481, 083 i 8L1

Balance Hot 8013 wen e verennnn U, e e mmm 14, 845, 267,126 | 18.9
FIE8 SEIVICR o et e eeee e e mam e e m mme s mn e amt s 500, 287, 430 | 0.8
Current ¢ PR LING COTIPBIT cammamcme e mmwne . 1, 860, 108, 110 [ 2.4
Current

in transmission, distribution, conversion, eteu o uuevneooo- 12, 475, 901, 586 \l 15.9
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TasLE 25.—CoONBOLIDATED BALANCE SHEET rFor ALL CommeRciAL COMPANIES
RepormiNg FOR THE CENsSUS OF ELECTRIC LIGHT AND POWER STATIONS,
INCLUDING ASSETS AND LIABILITIES OF ALLIED NONELECTRIC INDUSTRIES: 1927

ASSETS AND OTHER DEBITS LIABILITIES AND OTHER CREDITS
Kind Amount Kind Amount
Plant and equipment, aggregate,-‘- $10, 586, 826, 473 || Total capitalization... . .eeone.. $19, 405, 013, 752
Speciiically reported, total._ $4, 684, 769, 194
Electric light and power_.______ $7, 978, 234, 220 Capitalstock. ..o eomaanan 5, 095, 135,415

Per cent of total speclﬁcally Long-term debtu...meereeenn. 5, 309, 878 337

reported - 82.4
Electricrailway . $482, 323, 869 || Cash investments (for unincor-

Per cent of total specifically ated companies)...._......... 6, 605, 185
reported .................... 5.0 || Current lHabilities_... _..._....... 671, 649, 928
............................. $917, 448, 140 || Depreciation or retirement re-

Per cent of total specifically [ g S +00, 162, 046
TePOTted o meccucamee o 9.5 {| Other reserves. ... - .ccace- 166}, 548, 481

Allother. . .o .. ... ... .. $306, 762, 965 || Other credit items._ 277, 547, 030
Per cent of total specifically SUrpPliS. e e 722, 861, 666
reported. oo . 3.2
Undistributed -« oeoemoeeeao . $902, 057, 279
Nonoperating physical property. .. $34, 269, 454
Investments. .o ccmo . $622, 449, 110
Current assets__ ..o ____ $082, 201, 237
Unamortized debt discount and
BXDBNSE. oo oomeme oo eeeman $302, 644, 874
Other debit ftems.__._______ 77110 I $A11, 414, 558 .
DO em e oo rmmme oo | %10, 582 382
Total assets and other debits__..| $12, 950, 388, 058 Total liabilities and other =———————==
Credits. me e $12, 950, 388, 088
TasLE 26. OPERATING-REVENUE, AND EXPENSE

STATEMENT, FOR CO\{MDRCIAL EsTaBLISHMENTS: 1927

I. INCOME FROM ELECTRIC QPERATIONS
1. 0 peratmg revenues, electric:

Sales of elactric current 1§1, 680, 218, 664
Miscellaneous electric revenues. ... . 1, 801, 419
Total operating revenues, electric. I $1, 702, 020, 083

Recenue deductions
2, Ope%ating expenses, electric:

157,812, 379

Purchased POWer-cceeecmacecmanan 143, 710, 930

Depreelation or retirement expenses, electric Property. .ceemremanccen 107,615, 698

All other operatin expense electric ... 448, 860, 272

Uneollectible electric bi - 8, 365, 315

Operating taxes, electric.... 150,253, 2
Total revenue dednetions, electric 1,014, 717,870
Total operating revenues 887, 302, 213
Other income ilems, eleciric

Rents charged or credited to income, electric property (net).. 17,122,888
Amortization of limited-term rranchises, rights, ete., for electric property only..eevemmmmann 62, 481
Net income from electric operations. 670, 116,893

IT. INCOME FROM OTHER THAN ELECTRIC OPERATIONS

Nat income from gperation of utilities other than light and power plants (gas, electric rail-

way, water, ete) ... . 85, 248, 300
Nonoperatlng income (uet of debits and credits). ... 53,949, 112
GIROSS INCOME -« o aenmsscmemm st s e mmm s m e m oo o m e mm e p e e 809, 324, 305

1This total includes $125,612; 127 representing revenue received from *‘Sales for resale.”
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TaBLe 26.—CoxsouipaTep INcoMe, OPERATING-REVENUE, AND EXPENSE

StaremenTt, ror CoMumeERcialL ESTABLISEMENTS: 1927—Continued
III. DEpUCTIONS FROM (GROSS INCOME
Interest on funded snd unfunded debt, dIuOl‘UthlUﬂ of debt discotint and
expanse, aid amortization of premium on debt (net) $259, 601, 993
Qther dedietions from Sross INCOME. aa . ere e amonoesmmcrcmamcamcamsmscmrean 33, 935, 287
Tota deduetions froIL gro53 INCOIIR. oo e v ;e eecaeeccmmmcemcmnm e acmccnamscmmanmne $303, 537, 280
NET INCOME FOR THE YEAR {rom &1l SOUCES. o v oo crsmee i cicmcccccececmc e 503, 787,025

IV, APPROPRIATIONS DURING THE YEAR rRON CURRENT AND PREVIOUS YEARS' SURPLUS

Total
Fur diviends 05 St00KS. oo rian e c v cwen e e vmimme e m e acaa e a e e e mmem e mmemamam 1 $338, 238, 580
Electrie CGther Tndis-
pmpm' properties  tributed
For depreciation or retirement reserve. . oecvecucaen... 32 324, 448,362 38,783, 145 $4,384,723 317,616, 230
Total appropridtinns fron SUPHIR. oo e e ercam e e e cmcee 375, 854,810

o 2This represonts 2 rate of 6.8 per cent, bused on the totat of $5,005,135,415 for capital stocks. (See Table
5, 1. T3.)

Tapre 27.—ToraL Current GENERATED AND PURCHASED, AND AMOUNT AND

Pen Cexr Wuren Crossep Stare LINES, (Jmmrmun ESTABLISHMENTS:
1927

i Per
1 Kilowatt-hours d?:?g»
bution
Total putput: Curreat generated by commereial eleetric Light and power | ‘
stations and current purchased from other sources (
20 CANAABY crmmeneeescememsccmv e s memeem s e pe s e | 74,034,350, 490 100.0
e LT et L O I 71,306, 839, 538 05,2
Impaorted from Canada . 1,342, 783,327 1.8
Purchased from munufi lu:mg plants and other seurces cutside the electric
light and power IBAUSEEY e s cneanenananns v e —————————ne—e——————————— 2, 284, 733, 631 3.0
Per
cent of
) total
Total current crossing State lines....... 10, 424, 662, 982 13,9
Purchased from public-utility electric systems, including street railways, in
Ol Bt e mce e v a o ————————————— 5,494, 383, 08¢ 7.3
Furehased from other spurees (nonufecturing plants, ete.) in other States._._; 1,817,464 | | 0.5
Received from plants of sume system located in other Btates. .. ovocceeeuau- — 3, 185, 670, 102 4.3
Imported from Canadal. oo 1,342, 783,327 1.8

1Pigures may be incomplste,




Chapter II.—THE GEOGRAPHICAL DISTRIBUTION OF
THE INDUSTRY

Prime movers by regions (Table 28).—The distribution of prime movers re-
flects the natural power resources available in the several sections of the country,
as well as the natural conditions to be met. Table 28 brings out the prepon-
derance of water power in the two Western divisions—the eight Mountain
States and the three Pacific States. These 11 Western States, with 9 per cent
of the country’s population (as estimated for July 1, 1927), reported 38 per cent
of the hydraulic horsepower. California alone had approximately 19 per cent
and Washington 7 per cent, while New York, with 14 per cent, was seeend to
Cslifornia. Mississippi, North Dakota, and Arkansas are the only States re-
porting no installation in water-power plants.

Fuel-operated plants predominate in harsepower in each of the other geo-
graphie divisions. Pennsylvania and New York lead in the use of stean power,
the former with more than 12 per cent of the eountry’s total and the latter with
nearly 11 per cent.

The two West Central divisions, though among the smaller ones in total horze-
power of prime movers, lead in respect of internal-combustion engines hecause
of their many small and widely separated communities and their ample supplies
of oil. These two divisions reported 80 per cent of the total horsepower of such
engines. Texas alone contributed about 18 per cent, and is followed by Kansas,
Florida, Oklahoma, and Nebraska, in the order in which named.

Generator installations for electric light and power establishments compared
with total installation (Table 29).—The percentage of electric-power installation
in other than central stations is naturally largest in those geographie divisions
that are notable for their manufacturing industries. Thus, by comparing the
figures in Table 29 with those in Table 4, it is found that in New England the
central stations contributed only 60.2 per cent of the total; in the Middle Atlantic
States, 65.2 per cent; and in the East North Central States, 69.2 per cent;
whereas they contributed 89.5 per cent of the total in the Pacific States.

Regional increase (Table 29).—The maxzimum regional increase in generator
eapacity, comparing 1927 with 1922, was 149.4 per cent in the West South Central
States, followed hy 131.8 per cent in the South Atlantic States. The same
regions led also in their inerease in kilowatt-hours generated, the first with
214.5 per cent, the second with 122,9 per cent. The greatest rate of growth
in number of customers, 130.4 per cent, appears for the South Atlantic States;
and in kilowatt-hours sold to ultimate consumers, 202.6 per cent, for the West
South Central States. The last-named item is obviously the most reliable index
to changes in the use of electrical energy.

In North Carolina muech generator capacity was added during the period
between 1922 and 1927. This was primarily to serve industrial establishments,
but it also contributed somewhat to the supply of eurrent available forpublie
utilities, and was therefore covered by the statistics for 1927. Some of these
plants operate many hours a day at high load, which accounts for the unusual ¢
increase of 408.5 per cent in generated output with a much smaller increase in
generator rating—229.7 per cent.

The maximum increases in generator capacity (532 per cent), in generated
kilowatt-hours (1, 116.7 per cent), and in sales to ultimate consumers (644.9
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per cent) are shown for Louisiana; the maximum inerease in customers (244.9
per cent), for Virginia.

‘Fuels (Table 30).—Coasl is the predominant fuel, its use being general except
on the Pacific coast. Fuel oil or its refined products are used in all geographic
regions, and {reduced to its equivalent in tons of coal) represented about 4 per
cent of the aggregate fuel consumption in the United States in 1927 (Table 17).
Natural gas contributed 6 per cent of the aggregate. Practically two-thirds
of the total consumption of this fuel was reported from Kansas and the four
States of the West South Central group; Texas alone consumed more than one-
third. California reported nearly 12 per cent, and most of the remainder was
used in Penuvsylvania, Ohio, and West Virginia.

Aside from the increased efficiency in the use of fuel, disecussed in connection
with Table 9, there have been some pronounced shifts since 1922 in the types
of fuel uged in different parts of the country, which are worthy of brief discussion,
although the present report does not give the 1922 figures for geographic divisions
or States. The slight increase in the use of anthracite (Table 9) is fully ac-
counted for hy the gain in a single State, Pennsylvania, which reported 89 per
cent of the total consumption of this type of fuel in 1927, Although the amount
of anthracite used was nearly three times as large in that year as in 1922 in the
East North Central States and was more than three times as large in the South
Central States, the tonnage represented hy the gains is relatively small and does
not offeet the loss in New England, where the consumption fell to about one-
tenth of the quantity reported for 1922, and in the South Atlantic States, where
it fell to less than one-third. The use of bituminous coal increased notably
in every section except the Pacific States, where it is a relatively minor factor
in the production of electric power.

Consumption of fuel oil decreased nearly 40 per cent in the 5-year period.
In the important oil-consuming regions, the West North Central States, the
West South Central States, and the Pacific States, the consumption was reduced
to less than half, but in all these regions the reduction was more than counter-
balanced by the increase in the consumption of natural gas.

The increase in the use of gas in the West South Central States is especially
noteworthy. In 1922 these States used less than half of the total gas consumed
by central stations in the United States. By 1927, although the gas consumption
by central stations throughout the country had virtually tripled, considerably
more than half of the total was used in the West South Central States. The
East North Central States also show a considerable increase.

Relative hydro and other output (Tables 28 and 32).—The statistics indicate
that wherever water power is available it usually carries the base loads, other
prime movers being used as stand-by or to meet deficiency in the water supply.
The output from water power during the year was 2,920 kilowatt-hours per
horsepower; from steam, 1,795 kilowatt-hours, and from internal-combustion
engines, 1,060 kilowatt-hours. Though the ratios differ, the same general
relationships prevail in the several geographic divisions.

Voltage of transmission lines (Table 33).—Certain definite voltages have
been generally adopted for fransmission purposes. These are confined largely
to the voltages specifically stated in the grouping of Table 33. Lines of voltages
up to and including those in the “110,000 or more but less than 220,000 volts”
group are found in all parts of the country. (It is probable that most of the
lines in the last-named group are operated at or close to 110,000 volts, with a
small percentage at somewhat higher voltages—around 132,000 volts.) Opera-
tion at 220,000 volts, however, is confined almost exclusively to the long lines
of California.

Sales per customer (Table 36).—Of the several customer groups, by far the
smallest use of energy per customer is found in that sold for domestic service.
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The average small commercial user takes more than eight times as much as the
average domestic customer. Wide variations appear in different parts of the
country. The effect of abundant water power is evident, the averages for the
Mountain and Pacific groups of States being higher than those for any other
group. Among the States, Idaho leads, followed hy Oregon and Washington.

The revenues per customer and per kilowatt-hour for a given class of service
vary in different parts of the country, the latter between wider limits, propor-
tionately, than the former.

There appears to be no general relation among total emergy consumption
per year per customer, revenue per customer, and price per kilowatt-hour.
These matters apparently depend largely on local conditions. Thus, in the case
of domestic service, abundant water power, large consumption per customer,
and low rates generally go together; and, conversely, a multiplicity of small
plants rather than centralized service, or, if the latter prevails, widely separated
small communities (and correspondingly high transmission-line costs, energy
losses, and overhead expenses) are generally associated with small eonsumption
per customer and high rates per kilowatt-hour.

Apparently, for similar reasons, the average rate for wholesale energy is lower
in those States that have important industries using large amounts of electrie
energy during many hours of the day because of continuous operation; for
example, the pulp and paper and the electro-chemical industries.

TapLE 28.~—PrIME MovERs—AGGREGATE HoRSEPOWER, BY TYPE AND HorgE-
roweErR PER Carita, ALl EsTABLISHMENTS, BY GE0GRAPHIC DIVISIONS AND
Srares: 1927

st st Infernal- Hyd ‘ . {Horse-
- eam eam com- ydre- || s oo I POWED
DIVISION AXD STATE Total turbines | engines | bustion’! turbines | Population Der
engines i capita
UNITED STATES_______.. 35, 710, 128 1124, 323,304 | 584, 273 | 548, 288 | 9,544, 203 |1118, 628, 000 0.30
GEoGRAPHIC DIVISIONS: i
New England..__._______. 3,009,000 || 2, 177, 371 68, 492 4,705 758,523 || 8, 183, 000 a7
Middle Atlantie. ..o 8,614,712 || 6,698,703 | 183,770 | 24,089 | 1,708,051 |: 24, 802, 000 .35
Easst North Central......._| 8,668,303 || 7,553,274 | 274,923 ; 38, 287 801,808 § 24, 564, 000 .
West North Central__._...| 2,671,236 || 1,876,072 | 190,955 | 159,857 444,352 H 13, 152, 060 .20
South Atlantic .- .-} 4,293,703 || 2,556,135 | 73,895 | 64,570 | 1,699,103 | 14,808, 000 .
East Bouth Central__...... 1, 446, 897 704,485 | 43,534 | 31,333 667,545 1; 9,363,000 .15
‘West South Central....... 1,563,349 || 1,278,518 | 75, €04 | 177,715 31,512 | 11, 638, 000 1
Mountain. . ocowoemeeoooo 1, 405, 585 313,162 | 34,176 | 37,937 | 1,020,310 || 4,013,000 35
2410 1 (RN 3,937,073 || 1,105,495 | 48,015 9,795 | 2,712,808 || 6,885,000 87
NEW ENGLAND:
Now Simime Bl %0 | eom| use| onae| ssoo| 5
New Hampshire..____..._ 157,331 53, 7 , 835 3 3 .
Vermont-? ................ 204, 036 A 685 184,343 353, 000 .
Massachusefts. o veenmmnn- 1, 528,568 || 1,287,207 | 51,421 1,420 188,520 | 4, 242, 000 .36
Rhode Island cv e ccmmuns 243, 470 238,685 2, 500 2, 85 704, 000 .37
Connectictuta e o cccaanan 603, 369 514,181 2,518 875 88, 000 1, 636, 000 .37
MIDDLE ATLANTIC: :
New YorK.. oo ceummcvcanenn 4,212,355 | 2,671,363 | 109,260 8,042 1 1,423,600 I 11, 423, 000 .37
New Jersey . ccemmmucauna- .| 1,008, 561 059,140 | 33,863 3,307 7, 251 3,749, 000 .2
E Pennsylvaéia._- U 3,308,796 || 3,068,200 | 40,656 | 12,740 277,110 9, 730, 000 .85
AST NORTH CENTRAL: .
[o) 1 N, 2,354,664 || 2,264,681 | 71,888 | 5,332 22,653 || 6,710,000 .35
Indiana- - vocerneemmemean 869, 925 779,987 | 36,640 4,735 48,563 || 3, 150, 000 .28
TNlD0IS e — e e ccermcmmmm e 2,904, 559 | 2,730,018 | 97,430 | 10,957 64, 154 7, 266, 000 .40
Michig8Ne el e e 1,018,740 || 1,288,702 | 13,484 | 10,648 355, 908 4, 430, 000 .36
WiSCONSIN . oo cemvan 920, 615 549,886 | 55, 481 6, 617 308, 63t 2, 818, 600 .32
Wesr NorTE CENTRAL:
Nﬁm?m:nfﬁ 516,124 302,146 | 33,525 §,717 173,736 2, 626, 000 .19
TOWB - o oecomomemmm e 848, 807 373,271 | 46,580 | 23,047 | 205,900 || 2 425,000 27
Missouri. - o veomammmcmannn 648, 561,329 | 34,805 | 28,757 22,137 3, 510, 000 .18
North Dakota.ooccemweemao, 56, 136 35,698 | 15,818 4,7 Ry 641, 000 .09
Bouth Dakota. cormccaeannn 70, 514 37,407 | 11, 14, 549 6, 885 996, [1.4.1] .10
Nebraska_ o cemmemcaeeas 250, 055 168,307 | 25,677 | 33,453 21, 618 1, 396, 000 .18
Kansas 481, 572 306,924 | 22,088 | 47,614 14, 076 1,828, 000 <26

2105—30—4
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TaBLe 28,—PniMe MovERs—AGGREGATE HorsEroweR, BY Tyre aAND Horsg-
roweR Per Capita, ALl EgrasrLiseMENTS, BY GEoGRAPHIC DIVISIONS AND
Startes: 1927—Continued

7 -
3Imernal-‘ Horse-

|
| i
SEON AND & | Bteam | Steam | com- : Hydro- |y power
DIVISION AXD STATE Tatal turbines | engines | bustion [ turbines Population per
| | engines capita

!

SoUTH ATLANTIC: i | l

elaware, Distriet of Co- ! | |
lnmbin, and Maryland b 695, 2\4 : 9,611 6,857 25, 845 2, 3580, 000 .23
VPR e e e oo 501,775 Lo3,29 1 4,815 97,755 || 2,546,000 .20
West Virginda. ... ;5:’», 208 L5887 6,734 Q4 661 1, 696, 000 .45
North Caraling o ouovoeen.. 770,824 LOTOI 0 4,187 0 471,723 || 2,807,000 21
South Caroling. ... oeveunoo 700,433 : 114, 004 1,278 536, 338 1, 8435, 000 .33
Georgia. .. 608,779 | 060 | 1u 514 0 4,052 | 473,546 || 3,171,000 19
I‘iorui“.. 354, 437 209, 2665 | 13,6499 | 37,147 9,825 || 1,363,000 .28
H I
305, 238 244,215 . §,815 0 4,181 138,077 || 2,538,000 18
455, 065 202,710 | 17,563 3, 454 | 172,238 || 2,465,000 18
508, 240 130,300 | 6,405 0 5,245 | 357,230 || 2 549,000 .20
87,454 53,200 10,601 | 18,508 | ... 1, 791, 000 .05
WesT SouTH CENT ! .
Arkansus. .. 131,035 RS,724 | 20,600 | 10,493 14,020 || 1,923,000% .07
Louisiong. o woevmeomecnan 276, 000 248,248 | 3, 475 1 B0, BT oo 1, 934, 000 14
Ok1ahoma. oo ooeeeoo ol 200, 789 238,315 | 24,043 | 35,113 2,318 1| 2,384,000 .13
TeXaS. e eeecaen 855,624 711,241 | 27,577 | 101,632 15,174 | 5,347,000 .19
MoUNTAIN: :
DOTARA. oo cmccmeaan 378,242 11,457 ;2,535 747 | 303, 503 714, 000 .53
Idaho. .o 307, 104 2,000 0 1,230 1,105 302 830 534,000 .58
WYOmIng ooeeccen 48, 164 34,934 . 5,840 4,760 723 241, 000 .20
Coloradn. - vue e 2%, 404 173,579 IL &35 | 4,000 78 936 1 1,074,000 .25
New Mexico...________. 32,652 21,414 ° 4,207 | 5,806 1,225 | 392, 000 W08
Arizona 153, 105 21,637 | & 543 17,115 105,510 I 459,000 .33
tah. . 10%, 846 48,240 | 501 1,950 | 148,606 | 522, 000 .38
Nevada. 1%, 976 201 415 | 2,39 15,905 | 77,000 .25
Pacuic: i :
Washington..oe coecvenoan 847,826 |1 141,402 1 6,200 | 1,405 | 698,729 , 562, 000 .54
OPCEON e e e 308,501 |1 129,730 1 Lo 17 Za50 | 100,216 || 850,000 .33
California. oo oo ooooooooC 2 750, 746 | 804,273 0 85,540 I 6,010 | 1,844, 623 i 4,433,000 .63

1 Combined to avoid disdesing data for individual establiskments.
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS

TapLe 30.—ConsumprioNn oF Fusr, By Kinp, ALL ESTABLISHMENTS, BY Geo-

graprHIC Divisions AND Stares: 1027

[For conversion factors, coal equivalent, see footnote 1, Table 8]

\ : GAS
| Coke ;
| Fuel oil ="
(tons of i
DIVISION AND STATE Anthra- | Bituminous ! (Egrrells of § Manu-
cito (tons | (tonsof || 1bs.) gals) | factured
0f2,2401bs))| 2,000 1bs.) (1,000 cu. ft.)
UNITED STATES. _ooeeen 1,787,693 | 35,081,314 )1 31,623

7,145, 768 )i 6,160, 753
|

GEOGRAPHIC DIVISIONS:

New England._.oceeeeeooamn 2, 083,783 6,234 850,153 |1
Aiddle Atlantic 1,761,783 8,716,745 || 17,858 298, 606
Fast North Central........ 11,00 14, 618,876 {leweecnnn 150, 84 ¢
West North Central. 3,835,008 i 11| 1,250,533 |
South Atlantic-—--.- 3,030,640 || ..o 1, 674, 106 ||
Fast South Central. . 1,424,301 111 38, 100 |
West South Central....._... 1,341,635 284 | 1,280,071
Mountain - , 090 7,126 232,082
PaCiiC e ecmmmmm e pwe oo 2,239 |l.ooocaae 1,270,778 |,
NEW ENGLAND: ! !
Maine oo 1,905 1 . 81,317 i
New Hampshire. 1,633
Vermont...... 30,856 |
Massachuset{s. 618, 590
Rhode Island 167, 584
Connecticut 1,837 ¢
MIDDLE ATLANTIC: ! i
New YorKe oo oo | 3,588,902 || 17,888 266, 825 ¢
New Jersey. - . . y 1,242,108 fio.oaooaes 20,158 |
Pennsylvania...ccoeeoeno- 1, 558,811 3,885,735 |lcrceeam 11,713 |
EAST NORTH CENTRAL: !
[0} TN
Indiana .
1Hinois. ‘__
Michigan. ccvmemcenmrnsa RV
Wisconsin ———
“WEST NORTH CENTRAL:
Minnesota. ccoueumusrarannen
Towa
Misspuri.___. -

BSouth Dakot8..eearccuememmafamaceracnas

Nebraska.

Kansas.

:BOUTH ATLANTIC:
Delaware, District of Co-

lumbia, and Maryland L.l wcuuee

Virginia, o
‘West Virginia
North Carolina____eemeeeeee

South Carolina
Georgia. ... [,

Florida em

'EAST BOUTH CENTRAL:

KentueKY v o meeaeamammmmes|omsemsmas

Tennessee

Alabama

Mississippi...
“WEs? S0UTH CENTRAL:

Arkansas. H

Texas. -

MOUNTAIN:
Montana,

Idsho

‘Wyoming.
Colorado

New Mexico..en-w -
Arizona

Utah

Nevada -

P.

ACIFIC:
‘Washington
Oregon

Cahglomia S I

418,029
349, 549

R

|
FLTR L I I—
512,217 || i1
330,189 .........

I
116,051
2

320,622
651,304
24,523
106
105,166

351,269
21,684

13,114 |
25,336
13,831
85, 819

218, 836
178,998 |l oentememenen
BO7, 537 || mommmemnne

2,248
a56

1 Combined to av oid disclosing data for individual establishments.
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TarLe 31.—GENeEraTOR CaPACITY,

Divisions axp SrtarTes: 1927

CENSUS OF ELECTRICAL INDUSTRIES: 1927

FOR ALTERNATING-CURRENT BY FRE-
QUENCY, AND FOR DIRECT—CURHBNT, ALy EsraBLISHMENTS, BY GEOGRAPHIC

DIVISION AND STATE

GEU'-h'\PAk( nIvE
1

5
2, 5;.,

b‘:i

1, 18% 880 )
724,250 |

iu. i.»l

17:';, il

g(k« a5 il 383, 005 ‘

e, [ristrict of Columbia,
Iarsiuml L 44k 204
G, 4
[r"r%,;‘:ié? i
551,10
441, "Uv« :
-5*:0 1A
“93 242

49“» ai

West Virginia.
North Caroli

2UR, 099 1|

33% 412

349, 327
63,547 |

94,055

Louisians
Oklahe

MOUNTAIN:
B’ L3¢ 1415« 2 S
Iduho.

Wyoming
Colorado,

| ;

\ 13,0l |

i f
“A‘lﬂﬂgt(] [ e
Ciregun... dmlan v
Californis. | 10 xw Tl

I

12,5
%, 301y
292,349

124, UOO

,..-2 843
646, 601
2,304, 414

1,592,331
£20, 419
1, (15 788
1 Uh-.’: 216
471,350

325, 130

176,007

267, 457
328, B4
347,012
59, 601
40,455

227,101
613,339

267, 619

12,865

598, 138

132,748 |

ALTERNATING-CURRENT
| "‘-"““*"t“—*"” H—-———]—“_‘—‘ Direet-
P . I | eurrent
} l: 95-cvele | g0-cycle )%Lﬁogg
- —
1 i
|25 72,748,133 | 1,744,481 tl 050, 122 | 273, 57%
‘ ;
i | i
i 11,%00 | 2,002,236 ¢ 37,585 | 12,541
B 061 | 4,473 858 | 120,232 | 119,300
a e, 956 s, 493,804 | 84,275 | 6L 139
IS S 78, 748 | 606 | 26,580
I\ o1wi00 | 279,823 1 105,353 | 19,732
: 570 | 1,033,833 | 30 | 15332
; 1,757 | 1,130,730 1 6,268 | 4,28
313 962,107 | 13,529 | 4, 7RD
40| 2,100,251 | 8L, 992 | 9,333
50| g0 i 20,000 | 301
........... alig
o5
9,650
1,009
34

1 Combined to avaid disclosing data for individusl estsblishments,
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TasLe 32 —CurrenT GENERATED, BY TYPE oF PriME Mover, ALL EsTAB-
LISHMENTS, BY GEOGRAPHIC DIvisioNs AND StaTms: 1927

DIVISION AND STATE

Total
(kilowatt-hours)

KILOWATT-HOURS GENERATED BY—

Steam Water cg&‘g&’:?j’an
UKITED STATES. - oeooo.o... 74, 086,378,010 ||  45,301,190,014 | 28,718, 138, 409 | 577, (48, 667
GEONGRAPEIC lmv(rismus:
ew England.___ 4,750, 103, 632 2,802, 792, 278 \ 5
Middle Atlantic. U | B | eRRRRET L i
East North Centr 18,211,804, 585 |  15,761,580,330 |  2,425,007,470 | 34,036,776
West North Central.. 4, 549, 263, 007 9,870,583, 627 | 1,516, 667,008 | 153,013, 274
South Atlantic..._ 8, 445, 210, 788 5,350,902, 940 | 2,014,007,205 | 7Y, 226, 634
East South Cenftral 2,777, 268, 044 1,129, 260, G40 1,617,401,610 | 30, 505,785
West South Central . 3 275, 021, 117 3,014, 567, 414 " 63,617,810 | 196, 835, 854
Mountain 3, 38D, 551, 366 3002230 | 2,023 262,470 | 52,380, 647
Pacifle._._ 10, 006, 323, 747 964, 646, 318 9,032, 055, 045 9, 622 384
NEW ENGLAND: ;
Maine - 560, 664, 446 625, 4 t 95, 67
New Hampshire = 290 444, 160 33 ?Zg' 23(1] ?Sg ?é? Si’% ﬁg’ giﬁg
Vermont..... 338, 528, 207 7, 103, 957 331, 44, 250 | i
Massachuse 9, 245, 301, 081 1, 662 105, 634 581, 845, 707
Rhede Island 411, 073, 647 405, 975, 264 5, 098,
ppp Connecticut 968, 182, 052 693, 639, 372 9274, 421, 250 121,450
New York_ 5,017,685, 550 | 4,604,528,080 | 5,246,304,83 6,72, 035
New Jersey 1,851, 984, 763 1, 823, 875, 873 33, 748, 540 4,260, 350
EASl;e%%sRyTlgag a 750,674,521 || 6, 504, 951, 148 599, 141, 482 7,881, 891
4
1ig. .. 4,724,016,312 | 4, 670, 960, 928 48,364,410 4,681,974
Tndia 1,746, 153, 163 1, 585, 608, 712 154, 569, 534 5,981,917
Tllinois__ 6, 075, 352, 208 ‘ 5, 845, 508, 055 218,991,252 | 11, 532,901
Micbigan 8,773, 636, 019 2,701, 409, 104 | 1,065, 076, 878 7,060, 037
wgsrlﬁ‘éﬁi‘ﬁ' 1,892, 736, 883 948, 214, 540 939, 742, 396 4779, 947
843, 357, 074 30, 142, 525 534,024, 386 3,160,163
1,420, 169, 797 569, 762, 136 809,308,227 | 20,090,434
801, 179, 442 779, 934, 185 82,739,580 | 28, 505, 677
BEE MRS il
) 407, 62, 845, 13,606,420 | 16,365,737
405, 055, 533 331, 186, 492 40,843,971 | 30,026, 070
o KESES- 830, 685, 312 740, 583, 352 38,055, 113 | 52, 046, 847
Delaware, District of Colum-
bia, and Maryland !._.____. 1,102, 187, 508 1, 065, 398, 607 30,162, 238 6,626,723
Virginia 973, 766, 450 607, 494, 161 278,711, 490 2, 500, 769
West Virginia. 1,502, 819, 767 1, 697, 067, 592 200, 072, 693 5 679, 482
North Carolina, 2038, 121, 761 952,292 287 | 1,079, 961, 168 3 868, 306
South Carolina 1, 16, 250,827 336,901, 431 777,097, 976 2, 267, 550
eorgia, , 074, 405 100, 156, 81 643, 754, 310 2,163,
Euflgggau 5 567, 970, 880 501, 652, 030 10,237,330 | 58,060, 520
T ENTRAL:
k 505, 504, 056 394, 144, 503 108, 461, 413 1, 958, 050
936, 874, 282 361, 655, 214 570, 437, 172 4,781, 806
1,210, 158,704 32, g‘ig 108 937, 503, 025 3, 607, 631
3 y g DLl (DT (mmeermrnrecm o d 4
Arkansas 174, 187, 548 118,822, 031 45,975,990 9,349, 527
Louisiana, 634, 594, 420 601,238,945 |- ceemmmemen oo 33, 355, 475
Oklahoma__. 854, 513, 265 608, 603, 314 5,010,230 | 40,809, 721
ApoTems 1,811, 715, 884 1, 685, 813, 124 12,631,569 | 118, 27T, 161
OUNTAIN:
Montana 1,308, 749, 270 11, 476, .28 1,886, 72, 584 399, 967
Ydaho 713, 213, 718 19, 085 73,062,195 152, 438
() 1110 SO, 67 070, 330 62, 9a: 324 2, 628, 120 1, 488, 886
Cdlorado 499, 565, 961 275, 566, 901 921, 677,917 2,921, 143
New Mexico 32, 674, 286 25, 887, 366 1,475, 485 1,311, 405
Arlzona. 280, 257, 002 o0, 063, 416 210,041,198 | 41,162, 388
N i 202 gl TEeie | 1ne%
evada. , 137, 262 X , 906, , 834, 620
PAciFIC:
Washington _ - ——..enn e 2, 105, 288, 534 63,320,671 | 2 041,246,701 712, 162
OLOEOL neoeoo oo 840, 062, 576 235, 281, 436 602, 375, 530 2, 405, 810
Californis. —-on-oommmmommmme 7, 080, 972, 637 666,035 211 | 6,388,432, 814 6, 504,612

1Combined to avoid disclosing data for individual establishments.

J—
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CENSUS OF ELECTRICAL INDUSTRIES: 1927

TaBLE 83.—TransmissioN LiNEs—MILES oF CIRCUIT, BY VOLTAGE Caraciry,
Comatererar EsTaBLISEMENTS, BY GEOGRAPHIC DIVISIONS AND STATES: 1027

TRANSMISSION LINES

H 6,600 or ] 11,000 or

33,000 or { 66,000 or

110,000 or
DIVISION AND STATE imore but! more but | more but more but/more but|
Total || lessthan! less than | less than less than| less than; (2’3%%’?8
11,000 33,000 66,000 110,000 | 220,000
volts voits volts volts volts
1
UNITED STATES. oo oomomamn 155, 449 ’ 20,317 | 62,960 | 59,934 | 24,791 16,170} 1,263
GEGGRAPHIC DIVISIDNS: |
New bEngland. 8, 604 841 3,525 2,320 1,798 320
Middle Atlantic. ... 24,300 3
East North Centreal ... &0, 13
‘West North Central. ... 33, 307
South 19, 804
E 3, 069
22, 265 ¢
12,238
16, 898
1,859 )
mg :
1,084 |
Massachusetts, ..
Rhode Island. i
Connectiont . oo erenan- ;
MIDnrE ATLANTICC
New York
New Jersey

Penpsyivania
East NoptH CENTBAL:
Ohio

Nebraska.
Kansas. ...
BOUTH ATLANTICI
Dielsware, Distriet of Columbia,)
anit Maryland -
Virginia......
West Virgin
North Carolina.

. Misgissippi..
WEBY S0UTH (CENTRAL:
kansas....
Louisiana,. .
Oklahoma, .
Texas

New Mexico..
Arizong..-
Utah

Pacric,

Washington |

(Jregon...
{’alifornia.

334 551 1, 689 584
210 85 825 329
&7 545 4,478 2,495

1 Combined to avoid disclosing data for individnal establishments,
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TasLe 34.—NumBER oF CusroMers (UntiMaTe CoNsoMmeEns ONLY), BY Crass
OFQSERVICE, AnL ESTABLISHMENTS, BY GEoGRAPHIC DIVISIONS AND STATES:
1927

l COMMERCIAL Street

“ Farm SERVICE and

serviee; 0 e it N 05 {ul is- :\1' u-~ |inter-

DIVISION AND STATE Total ! “lg‘siiefm Domestie | g4y | Latee ’é.’f’{,‘l Ii#éﬁ! u,r;),?n
custom- service light l;‘;'l?{‘ class of ljghta- ways

w0 | et | i | et (o

(retail)? (‘g'ﬁﬁe' power)

UNITED STATES. . ...21, 786,317 {1168, 450 16,089, 066 (2,784,126 | 342,250 2,424,263 | 122,232 822

GEOGRAFHIC DIVISIONS:

New England,--. 2,007,249 9,844 | 1,520,348 | 200,857 | 42,025 | 142,432 | 1,232 52
Aiddle Atlantie...._.. 6,032,053 || 23,207 | 4,383,367 | 609,163 | 47,307 | 963,640 | 4,487 325
East North Central....| 5,312,752 || 50,782 | 4,208,600 | 720,578 | 59,610 | 206,77 4,001 183
West North Central.__| 2,187,518 || 21,200 | 1,603,849 | 284,210 | 62,578 | 21,6121 3,312 58
South Atlantie. ... 1, 564, 351 3,613 | 1,046,885 | 104,036 | 40,279 | 277,040 | 1,050 56
East South Ceniral....| 721,482 696 548,278 1 129,250 | 13,597 28,300 822 22
West South Central___| 1,133,230 1,871 852,163 | 105,854 | 32,003 40,181 | 1,693 37
Mountain .-t 597,460 || 3,451 | 470,854 | 99,925 3,165 19,344 646 17
Paclfie e 2,220,322 | 54,196 | 1,344,717 | 260,243 | 40,792 | 525,022 | 3,189 91
NEW ENGLAND:

Maine e coenrreman 184,873 1| 3,708 74,741 11,424 | 20,337 | 191,208 328 £13
New Hampshire. ... 106, 2156 210 87,320 11,145 2,749 4, 553 140 )

Vermont and Rhode
245,352 1,614 184,106 39,829 4,237 5,220 332 )
1,077,3{1)&% 3,401 868,183 | 154,305 | 10,270 41,321 305 2

% 4
s

392 407 | 205,008 | 74,154 5332 (Y 2|
3,193,782 | 11,938 | 1,971,770 | 278,442 | 15,175 | 1248 79
981,017 ¢ (®) 58,620 | (8 ® 647 | (8
1,858,154 {{811,269 (82,411,507 | 272,101 | 832,132 {2,801} $247

1,370,463 1) 10,224 | 1,116,673 | 167,020 1 18,788 55,086 : 1,543
638, 675 1| 14,968 498, 415 , 7 7 28
1,766,722 || 6,958 | 1,435,030 | 265,505 | 16,143 3y, 528 | 1,368 45
i 981,545 || 8,218 813,733 | 144,801 2,635 11,460 628 20
Wiseonsin -} 555,447 | 10,414 403,840 64,739 | 15217 60, 578 541
Wzsr NorTH CENTRAL:
Minnesotemeoncenarneax 453,832 || 2,041 341, 266 54,8021 (1) 42, 164 605
439,188 | 9,335 324,751 71,618 1019053 24, 087 921
619,994 11 2, g%g 400, 197 69,080 1 27, 322 29, 851 518

- 60, 486 42,341 11,758 | 116,012 4,620 233 "
- 79,712 249 55, 925 13,990 it 6, 951 3064
-| 221,666 1,322 145, 925 24,073 ()] 45, 7 3586
EaNSa8. e erencauncmnn 312, 840 5,743 201, 474 38,220 &, 691 58, 122 345
S0UTHE ATLANTIC:
Deleware, Distriet of
Columbia, Mary-
land, and West Vir-
inia 8 582, 660 145 | 370,656 | 66,5800 |- 28,400 %4 19
i 210, 987 1,794 179,278 23, 792 3,650 2 13
219, 960 1,037 02,839 23,302 482 ® 208 113
04, 626 451 52,137 10, 541 615 13| (1)
106,163 || 1188 | 130,728 ¢ 34,451 | 186, 542 240 5
da 259, 948 (O] 212,247 35, 060 {13y 613 6
East SouTH CENTRAL:
Kentuekyoceomorcmemee 247, 935 (1) 190, 845 39, 566 2,872 13,612 240 5
Tennessee 223,560 || 14660 | 173,328 89,328 5,044 4,520 161 12
Alabama._ ... -| 170,368 (1) 129, 816 (1%) 4 781 3,762 182 (“1)
Mississippi 79,619 138 54,191 | 1 50,365 (18} 6,412 239 55

1 Data for “ Electrified steam-railroad divisions” and * Other service" are included in the items in the
“Total” eolumn but not elsewhere in the table, ;
3 Ineludes all “* Commercial service’ reported by munieipal establishments,
1 Includes all municipal service reported by municipal establishments, .
« Connecticnt included with Maine to avoid disclosing data for indiyidual establishiments.
s New Hampshire included with Maine to avold disclosing data for individual establishments,
8 Combined to avoid disclosing data for individual establishments, . .
n;hgennont and Rhode Island included with Connecticut to avoid disclosing data for individual estab-
ents.
¥ New Jersey included with Pennsylvania to avold disclosing data for individual establishinents.
» Statisties for States can not be shown without diselosing data for individual establishments.
 Minnesota included with Iowa to avoid disclosicg data for individual establishments. .
esi‘agﬂsu& Dskota and Nebraska included with North Dakota to avoid disclosing data for individuat
ishments.
2 Sonth Carolins included with North Carolina to aveld diselosing data for individnal establishments.
1 Florida included with Georgia to avold disclosing data for individual establishments.
1 Kentucky included with Tennessee to avoid disclosing data for individual establishments,
% Alabama included with Mississippi to avoid disclosing dats for individual establishments.
 Mississippi included with Alabama fo avoid disclosing data for individual establishments.




50 CENSUS OF ELECTRICAL INDUSTRIES: 1927

Tasre 34.-—Numser oF Customers (Unrimate Consumers ONLY), BY Crass
OF SERVICE, ALL ESPABLISHMENTS, BY GEOGRAPHIC DIVISIONS AND STaTeSs:

1927—Continued.

! |
COMMERCIAL
% } SERVICE Stmgt
|| Farm | . an
|| service ! P%)mi- %\cﬁga . in{;juar-
(ses | . ribut- | n urhan
DIVISION AND STATE Total 1 i «Farm! Domestic | gipqy Ifiaﬁ"f ed by | street | 1all-
custom-]  SETVIC® | iohy £ classof | light- | ways
| e1z,” and p?)g&%r service | ing3 | (mo-
RS 65) (potw%2 (whole- pgg:r)
i ) retal. Siﬂe)
e
WEST SouTH CENTEAL: “ !
115,271 | i S0 212 | 198l (W) 25
148,813 ] o ) 13764 | 27,300 | (8 | 110,577 Al
239,748 ' f ) 176,120 | 38,349 813,480 | 14,079 | 342
. T;‘E 609, 408 | 464,050 | 101,987 | 16,542 | 24, 525 925
OUNTAIN: : | )
Montana and Utahe.| 193,830 599 | 153,971 33,522 4772 278
Idaho, oo canunne. 78,455 503 61,504 | 14,839 i 1,178 119
Wyoming. 31,008 | 44 23,053 | 3,870 il 8,454 32
Colorado. ... 197,240 1 (5 156,254 | 34,637 (H #5497 45y
New Mexieo..... 27,213 | w&4s 21,667 | 4,354 ) &z
Arizona.... 54,097 . 903 41,039 | #8714 | 24,446 27
Nevada_ .. 70000 15,578 | 50| 12,851 () 1IN 18
Pacwic: : |
Washington. e 392,666 1 (3 322,562 | 53,074 112,000 | 268 | nay
Uregon. ... 204,051 32 6,201 85,642 1 80,6021 () ¢+ (%) 2151 (8)
Celifornia 1,627,605 | 47,005 | 936,513 | 176,567 | 27,802 | 2,706 64

I Datafor “Eiectrified steam-railroad divisions” and “Other service” are jneluded in the items in the

“Total” eslumn but not elsewhere in the table.
* Includes all ““Commercial service’ reported by municipal establishments,
§ Inciudes ull municipal service reported by municipal establishments.
8 Combhined to avoid disclosing data for individual establishments.
$ Statisties for States can not be shown without diselosing data for individual establishments.
1 Arkansas included with Loulsisna to aveid disclosing data for individaal establishments,
8 Louisiana included with Oklahoma to avoid diselosing data for individual establishments,
% Colurado included with New Mexico to aveld diselosing data for individual establishments,
9 New Mexico inelnded with Colorado to avoid disclosing data for individual establishments.
3 Nevada included with Arizona to avoid diselosing data for individual establishments.
4, Washington included with Oregon to avoid diselosing data for individual establishments,
8 Oregos jucluded with Waghington to aveid disclosing data for individual establishments.
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CENTRAL ELECTRIC LIGHT AND POWER STATIONS 53

Tasie 36.—CURRENT SoLb—AvVERAGE KiLowarr-Hours preEr CUSTOMER
(Urrinate ConsuMERs ONLY), BY CLass oF SERVICE, ALL ESTABLISHMENTS,
BY Grocerapuic DivisioNs AND StaTes: 1927

[Based on Tables 34 and 33)

1
COMMERCIAL i
Farm SERVICE Undi |
service . ndis-
e | . tributed, Munfel- | Sireet ang
DIVISION AND STATE Total 1 1'3“‘31 mestic ?]Inﬁ%l Large })y [ ool pal ; | mailways
CUS- | garvice | 180 |light and class 1 stree (motive
tonﬁ and Dower of ilighting? power)
Sr%ﬁ) p%&% .| Gvhole- service | \
(retailyy S¥1e) i
i —
UNITED STATES..oceu- 2,920 4, 8598 443 3,084 97, 707 1,317 ‘ 78,330 7, 608, 371
GEOGEAPHIC DIVISIONS: | |
New England__........ 7 425 3784 | 2,536 50, 700 R7T ;121,949 3,403, 389
Middle Atlantie._._. ) 544 431 2,977 | 214,305 1,846 91, 311 4,776, 068
East North Central g 465 461 3,761 124, 288 1,108 l 104, 724 13, 802, 3
Wast North Central. 1, 856 605 366 | 2,997 28,433 819 49, 516 6, 969, 127
Bouth Atlantic....__ 34 465 472 | 4,049 117,850 1,263 ‘ 68, 734 8, 746, 837
Egst South Central.. : 224 373 2,711 121, 003 1,148 | 70,751 7. 175,195
West South Central 5, 531 388 | 2,174 éﬁ, 800 949 . 50, 75} 8, 289, 559

Mountain

Pacifie e 14,024 580 | 7,564 56, 417 836 . 56,487 0 158 944
NEw ENGLAND: :
Maine 2, 562 339 391 | 1,663 16, 776 1740 ¢ 30,680 | 53,402,701
New Kampshlre ......... 1,420 378 345 | 3,008 19,837 | 2,070 61,648 *)
Vermont and Rhbode i
Island 6. oo 2,060 409 349 | 2,128 76,721 995 | 57,175 Q)]
Massgchusetts.. 1,873 510 341 | 2,505 107,673 | 1,030 ; 281,660 3,288, 605
Connecticub. ...cceremuee 2,055 575 517 1 2,882 65, 594 () | 200,906 | 7 5 589, 865
MIDDLE ATLANTIC: ¢
New YOrK. oo oemmmmmnes 2, 836 772 403 1 3,307 1 346,157 |} : 5 159, 507 6, 042, 289
® () 3,085 5 JL ® 1108571 5)

)
8: 661 8303 8454 | 2,395 |°5152,030 54,127 | 84,179,180

3, 082 388 465 | 3,701 | 117,885 | 1,066 88, 584 9,801, 344
2, 883 422 449 | 5062 89,130 | 1,549 92, 869 8 721, 823
2,792 367 441 | 2,086 131,035 868 1% 354 24 282 010
Michigan 3, 286 591 478 | 5,062 | 648,708 818 160, 251 10, 062, 006
Wiseonsin .. oeocmeecuan. 2,439 b7 498 | 2,602 48,011 | 1,071 59,643 | 10,408, 439
WEST NORTH CENTRAL:

5611 415 2,642 (1) 1,060 | 72581
442 336 2,362 | 942,728 | 1,207 98 318
303! 423 | 4,3%6 | 20,842 '023 . 80,337
587 300 1,%(1) uig o3z | 371 12,830 ®

Kansas
E0UIH ATLANTIC:
Delaware, District of
Columbia, Maryland,

and West Virgimiat_|| 3,785 || 370 | 435 4,008| 45,613 66,147 | 15,169,134
Virg 3057+ 449 4501 51541 107,960 60,342 | 5 051,783
Ses | a4 nesonomo o o mge|ug 624, 760
g445] od2| 488 7,630 (1,026,987 A e0400 | (1)
4008 |nyos2| 242 3616 193 0% || 67,888 | 17,018,277
nerzl (9 64| 2616 () | 68042 | 2,780,200
Eentucky 2,200 | () 347 | 2,171 | 117,452 | 1,474 90,152 | 2 749,328
Tennessee. 3344 || viger| 38| 2E82) 75175 '764i 06,778 | 7,081 467
610311 (% 418 | ‘05 110176,383 | ¢d3| 44,013 1
L5121 uieo| 380 153,003 | () 1,02¢ | 53414 {1511, 048, 011
Arkansas 1,615 303 { 2,100 40, 461 (17} 24, 130
ges2 il 409 | Z409] @b | uvgen| 86487 .
2,480 382 | 2,135 | 142,148 | 709 | 45,978 ®
2 417 400 | 2146 | 49432 1,080 | 50562
9,508 1,311| 486 4,045 1732 | 543
2367 || 3850 | 9691 B 530 1401 62402
1560 | “pel| 413| 3,669 741 | s 420
20101 (9 38| 69911 (® wge2 | 105, 323 ®
977 1132, 08 2102 ¢ 45,849
3,744 | 5732 | 341 [n o, 470 15201 106,784
4104 szl (0 @y | 70,656
g128] (m ga1 | 7,954 | 170,288 100,050 | 22 7, 301, 808
3148 |madse| 8e7| 5534 @ ® 83052 [ ()
3171 15,334 | 472 | 8241 49,780 50,002 | o 042, 385

See corresponding footnotes, Table 34,
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56 CENSUS OF ELECTRICAL INDUSTRIES: 1927

TaBLeE 38.—REVENUE FROM ELECTRIC SERVICE—AVERAGE PER CUSTOMER
(Untimare Consumers ONLy), BY CLAss OF SERVICE, ALL ESTABLISHMENTS,
BY Groerapuic DIvisioNs AND STATEs: 1027

[Based on Tables 34 and 37]

|
i COMMERCIAL
! Farm "
service SERVICE Undis- sﬁeett
o %ee Domes- ~ tribut- | Munici a]:lrbg!ft.
DIVISION AND 8TATE | Total )| AHT|{ieserv- Small | Large | ed by |palstreet| oot
1t us ice light |lightand ) class of | lighting | ' otive
| oo and | power |service Dower)
m(’is) power | (whole-
p. {retail)sl sale)
1
UNITED BTATES . cruevemn | 877 $103 $30 $147 $1,334 $64 $3,472 $71, 606
GEOGRAFHIC DIVISION ! |
New England . 69 31 30 128 868 44 6, 768 48, 047
Middle Atlanti 78 43 32 141 2, 526 90 5117 43,9071
East North Centr 76 37 290 153 2,000 49 3,498 | 126,807
West North Central 64 49 249 138 507 46 2,263 80,323
Bouth Atlantie, .. 98 i 38 33 167 1,471 57 3,576 74, 600
East SBouth Centr 83 22 30 130 1, 568 53 3, 050 54, 586
West South Central 7 152 32 126 862 54 1,844 98, 070
Mountain._..... 88 100 30 173 4, 396 54 3,294 43,607
Pacific. K n27 26 178 | 654 40 2,052 76,927
NewW ENGLAND: i
Maine - 53 if 2 25 | 89 158 140 1,731 342 708
New Hampshire ... _. 63 |; 35 33 141 328 76 4,015 ®)
Vermont and Rhode Is- : :
land ¥ - 71 | 23 30 1031 1,479 42 2, 557 0]
50 i; 35 28 146 1 1,906 49| 16,176 44,676
Connecticut 72 | 48 | 370 108 1,206 (» 11,224 | 753,377
MIDDLE ATLANTIC: : | !
Now YOrK.ooeveeeomemmnee. 76 | 54 20| 13, 2,704 9,520 58,101
New Jersey._. 70 ® | oE o 181 | 3) (U] 7,107 L
Pennsylvania.. - 88 i 432 34 124 82,414 2,498 839,451
EAsT NORTH CENTRAL: ! |
hio. RO 82 i 38 30 156 1,976 48 3,406 93,062
Indiapa | 71E 32 31 158 ¢ 1,603 64 3, 257 84, 740
inois ! 73| 31 28 137 2,204 42 2,758 198, 128
Michigan 81 ‘, 35 26 188 8, 665 43 5,891 144,605
Wisconsin .o 69 i 48 30 124 810 44 2,962 89,183
WEST NORTHE CENTRAL:
in: 1 €68 50 31 135 (1) 54 2,964
Iowa..._. 60 52 30 123 0662 &5 1,623
Missourl __... 68 22 26 176 401 43 8,313
North Dakota.eeeo.oa. 83 52 37 120 1 400 46 1,057 ®
Bouth Dakota.. 60 ! 44 34 108 11y 56 1,371
307 ;1Y < SN, 57 48 31 128 (&) 42 Y
Kansas 84 56 26 124 583 41 2,018
SOUTH ATLANTIC:
Delaware, District of Co-
lumbis, Maryland, and
West Virginia 6. ... 91 31 29 151 734 3,859 126, 618
) S 81 42 24 220 1,511 2,876 555
North Carolina.. 124 |j 26 33 1137 15425 ® 3,367 | 1227,117
South Caroling....coceom.. 138 43 35 204 11,204 3,866 12
QGeorgia 104 B 85 33 165\ 131,641 2, 960 160, 422
Florida. coae ceoooeeerae 88 () 44 191 ()] 3,866 42,011
EA8T S0UTH CENTEAL: i
Eentueky..oceeennvnrennn 71 {14 28 115 2,070 55 3,802 19, 202
Tennesses. . 82 | 1422 20 138 , 062 83 4, 063 54,414
104 |} (1) 31 ()] 141,895 44 2,251 ()]
76 16 37| %136 (3%) 55 2,129 | 150Q,384
73 | 33 117 957 () 1,300
85 ® 35 133 (] 17 52 3, 166 @
g6 | 33| 139! uTms 52| 10 )
76 | 31 121 915 55 1,626
105 47 28 141 28 2,361
78 33 128 48 2,247
82 47 338 207 67 &, 086
Ty 27 200 ® %550 5248 ®
70 1 1108 39 156 0 2,890
87 197 32| n20) gy 5, 262
Nevada_ oo s 107 45 3 M m 8,231
PACIFIC:
‘Washington %3 (Y] 27 158 543 2,286 | 254,763
Oregon. ... - 68 # B2 31 147 (=) (O] 2,704 )
California 7" 245 25 189 1,978 86,278

See corresponding footnotes, Table 24.
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TapLe 39.—REVENUE FroM Erscrric SErvICE (ULmMATE CONSUMERS ONLY)— -
AVERAGE PER KILOWATT-HOUR, BY CLASS OF SERVICE, ALL ESTABLISEMENTS,
BY GEOGRAPHIC DIVISIONS AND STATES: 1927

[Based on Tables 35 and 37]

COMMERCIAL
SERVICE Strift
T 5. | Muni- | BY
Undis- inter-
Domes- Large ; cipal
DIVISION AND STATE tic serv- %fgg%l light g;,bcli‘:ggi street u;{:)lin
iee and and o rvicel lilght{ wWayS
power Ghte- B° l(motive
(retail) sale) power)
Cents Cents Cenls Cents Cenis | Cents
UXITED STATES.cvcuren- 5 6. 4.0 1.4 3 4.4 0.
GROGRAPHIC DIVISIONS:
New England.. ... 3.5 7.3 8.0 50 1.7 50! 5.5 L4
Middle Atlantie.......... 2.7 8.0 7.4 4.7 1.2 4.9 5.6 0.9
East North Central____... 2.6 8.0 6.2 4.1 L6 4.4 3.3 0.9
West North Central-..._. 3.5 8.1 7.3 4.6 1.8 5.6 4.6 L2
South Atlangic. .......... 2.2 8.3 7.0 4.1 1.2 4.5 5.2 0.9
East South Central _____.. 2.4 9.8 7.9 4.8 1.3 4,61 4.3 0.8
West Bouth Central.. ... 3.3 2.8 8.3 5.8 1.9 5.6 3.6 1.2
Mountain. .............. 18 3.5 6.2 3.3 .8 57 46 0.9
Pacific 2.1 1.6 4.4 2.3 1.2 4.7 3.6 0.8
NEW ENGLAND:
Maine. oo seeeraeaiana 2.1 8.1 7.3 53 9] 54 5.6 11,2
New Hampshire..____.__. 4.4 9.1 9.7 47 1.7 3.7 65! (5
Vermont  and  Rhode
13113 A ORI 3.4 8.8 8.6 4.9 L9 4.2 4.5 )
Massaehusetfa ............ 3.8 6.8 8.2 5.8 1.9 47 57 i4
Connecticut 3.5 8.0 7.1 3.7 L8} ® 53 715
MIDDLE ATLANTIC: |
New York 2.6 | 7.0 7.3 4,5 .8 6.0 0.9
New Jersey.. - 4.1 ® ® 4.4 ) ® 65l &
Pennsylvania, __....._.... 2.4 BI1D.5 87.5 5.2 81.6 4.6 80.9
E41sT NORTE CENTRAL
2.6 9.9 6.3 4.2 L7 4.5 3.9 1.0
3.0 77 7.0 3.1 1.8 4.1 3.8 L0
2.6 8.5 6.3 4.6 1.7 4.9 2.2 0.8
2.5 5.8 5.4 3.7 L3 52 3.7 1.3
2.8 8.4 5.9 4.8 1.7 4.1 5.0 0.9
3.4 8.8 7.4 5.1 (1) 51 4.1
3.8 i 1.7 8.8 5.2 nLs 4.5 5.7
2.9 7.1 6.1 4.0 L8 4.6 4.1 .
8.01 8.9 9.8 77| u21 12,6 g2y ®
7.1} 12.7 10,1 7.2 (23] 0.1 50
4.2 7.9 71 4.3 ) 7.1 4.6
3.4 5.5 6.8 3.9 2.0 6.0 4.1
SoUTH ATLANTIC:
Dga;var%i Disitﬁcga gt
olumbia, WY |
and West Virginta ber.| 2.4 | 66! 37{ L8 58 0.8
Virginig. .o acomencnnnn 2.5 | 6.3 4.3 1.4 4.4 uo.a
North Carolina. 1.4 6.8 4.6 .9 ® 4‘2 : L0
South Carolina L6 7.7 2.7 1.1 4. [¢] 9
Georgla, 2.1 7.5 46! B14 4.4 0.9
Florida, 5.2 7.9 5.3 (12) 56 1.3
EAsT SOUTH CENTRAL!
3.2 8.0 5.3 L8 3.8 4.3 0.7
e 2.4 T.Z 4.8 1.4 6.8 §.2 uOS
1.7 7.5 (1) 61,1 6.9 .0 (MJ s
5.0, 9.6 14,5 (%) 5.4 4.0 0.
4.5 10.8 5.6 2 {an 5.4
Lmﬂ:inna 3.2 8.6 5.5 (18) 16,3 3.7 ®
Oklahoma 3.5 8.7 6.5 1.9 6.5 4.2
Tnm'i 3.2 7.7 5.6 L9 540 3.2
Mounral
I\Iontana. and Utahé ... 1.1 3.6 57 3.5 5.3 4.3
AN
W’ (11 Y02 SN L2 3 9 3. 3 2 .
Calorado,.. 3.5 %) 7.8 3.0 Q)] ’:207') 5 gg ®)
New Mexico... 7.2 5.1 8.9 " 7.4 g &s
Arizona. 2.6 3.1 9.4 3.1 i, s
2.8 : 5.4 7.1 (] {2 3
i 2 2 , 29,7
31 3830 @l e 35 Ly
2 55| zal o ialf { 0, "o

See corresponding footnotes, Table 34,
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Chapter IV.—FUEL-BURNING AND HYDROELECTRIC
GENERATING STATIONS

Data for hydroelectric plants were first tabulated separately at the census
for 1912. At that census and at those for 1917 and 1922, only those establigh-
ments which reported water power of 1,000 horsepower or more (including some
which reported both water and other power) were treated as hydroelectric. In
this way & small amount of steam power was necessarily included, as in the case
of establishments combining steam and meoderately large water-power develop-
ments, while, on the other hand, smaller water-power plants were excluded.

In the present report, establishments reporting water power are shown in
several groupings—those reporting water power of 1,000 horsepower or more;
those reporting 50 per eent or more of their current generated by means of water
power; all establishments reporting waber power; and establishments reporting
water power only. Some of these groups obviously overlap (Table 40). In-
Tables 41 to 45, however, separate figures are given for generators driven by
power derived from fuel and for those driven by water power, regardless of the
classification of the establishments themselves.

Combination of hydroelectric and fuel-burning plants.—The ¢conomic advan- -
tages, and in some cases the necessity, of combining water-power and fuel-
burning plants in single systems have been increasingly recognized. Establish-
ments reporting water power alone now represent only a little more than 8 per
cent of the total prime-mover horsepower for all establishments and less than 30
per cent of the total hydraulic horsepower.

Comparison with earlier census years (Table 41).—The most significant com-
- parison that can be made with earlier census years relates to the rated capacity.
- From 1917 to 1927 there was a marked increase in the kilowatt rating of gen-
erators driven by water power, but this group’s proportion of the total capacity
decreased, especially during the period 1922-1927.

Comparison by regions (Tables 43 and 44).—Only in the two geographic
divisions of the far West does the rated capacity of generators driven by water
power constitute more than 50 per cent of the total; as to individual States, this.
statement applies only to those of northern New England, those of the southern
Appalachian region, five of the Rocky Mountain States, and the three on the
Pacific coast. California is by far the predominant water-power State. Even
where water power is abundant, however, experience shows that it must be sup-
plemented by steam. Nine and five-tenths per cent of California’s output came
- from fuel (Table 44).

On the whole, the first cost of hydro plants is relatively higher than that of
steam plants, but the operating cost is lower. Where both kinds of power are
- available, it is therefore of advantage to obtain maximum output from the
water-power plant, using steam to make up the balance, This practice is reflected
in Tables 43 and 44. With some exceptions, the output from the hydro plants
constitutes a larger percentage of the total output than might be expected from
the proportion of the total capacity; that is, the number of kilowatt-hours gen~
?ra};ed per kilowatt of capacity is larger for the hydro plants than for those using.

uel,
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TABLE 40.—SUMMARY, ALl EsTABLISBHMENTS! AND HYDROELECTRIC
EsTABLISHMENTS: 1927

Establish-
All establish- | Foents report-.  Establishe | Estallist.
ATl establish- || ments report- ing 50 per cent ! MENLs report- | ments res

ments ! ing water or more cur- | ing water purting
power rent generated| power of 1,04 | water power
by water | B, . or mure anly
power | .

!
Number of establishments..__ il B 3
N ins e

N & . 4,335 745 62 ;
Value of plant and equipment_?$9, 207, 458, 356 ’2&5,122,062,393 183, 020, 566, 8441284, 50, 157, T01 |1 8582, 775, i

Total revenues: - . | :
Eleetric service ... ___ $1, 802, 665, 443|1  $324, 144, 350, $44{).847.41#i e VI MR

All nthpr SOUTCeS.acmr e 3 $161, 008, 831)1 3 $78, 831, 040; 3 §33, 520, V63, TH6T, 122, Ind d R, KU, N
Total st 0%
T ?@i%seefb'r'bé}éaﬁs' .e-rx_i-— 1$1, 318, 255, 150,| ¢ 8617, 516, 502y 4 $302, 556,772 4 $54, 479, 2571 1 344, 634, (7Y
ployed_ ... _._. 251,020 105, 549 52, 8549 R, T LY
Prime movers:
Number 12,030 5, 425 3,477 4,078 ;
. , 030 1,21
Stealéo{gi%(i):eesr 35,710, 128 19, 258: 485, 12, 016, 40, 17,675, 610 2,621, g
Number.__ 2, 8B4 1,069 406 S5
Horsepowe I 24, 3231 3( ) 5 2,770, 30 260, ur T
StEﬂn;l enig)ines—— — 4, 323; 304, 8, 830, 843 2,770, 3 TLOOR, YT s
Number_ oo 2,267 £11 244 g
Horsepower........_.. 001, 273 371, 843 17, 324 B
Intlemal-combustion en- - o D
gines—
Ig;umber v ————— 3, 177] 523 162 oy
OrSEPOWET - e s 548, 288 1 %15 10, 2481 o
HydI{:_nturtl;ﬁnes-— , 11, 500 41,51 600, 288] . rceneean
UIMDET e o e 3,722 3,722 3,130 3005 3. 283
SO - —— o8ir ol oBessy  90m0z LTI %l
NUMDBET - o eeeeeoemmmme 1,967 5,877 3,85 4,434 3. 204
Kilowstt capacity.. -..... 25,811,308 13,847, 147 B 46581y 1267448 %080
Current generated, kilowatt- "[
Nhours ....................... 74, 686, §78, 0101141, 560, 963, 086 29, 387, 011, 805 5T, Mk, 6 z’&rﬁ, Tik, B, #IT
umber of customers......... 21, 760, 23 , 805, 7 4,677, »}‘Aﬁi 7,04k, T T, 24

1 Includes establishments which purchased all current distributed.

2 Includes following amounts regorted by composite establishments (see FPurely electrie snd sanpiete
establishments,” p. 14), not distributed a3 ‘between the electric light and puwer industry and erhar i
tries: For “All establishments,” $802,057,279; for ** Establishments reporting waber powey of 1,000 ¢
more,’’ $403,104,047; for “ Establishments reporting 50 per cent or more eurrent generated by ® 4 \
$283,443,142; for A1l establishments reporting water power,'t $411,543,991; for o ¥ utphilbhaats repertisng
water power only,”’ $250,000. ) )

¢ Miscellaneous electric revenues, net ineome from utilities other than eleetric, and DUDUTATRLIDE iDARRe.
Does not include amount of rents credited to income nor amortization of franehises (called fur s net ems

on 1927 schedule). B ]

+ Operating expenses, interest, and other deductions from gross income. lioes mit inelnde ammpant of
rent payments for lease of plant, equipment, ete., and pmortization ef franehiser {onled fur ws el DS
oD 1927 schedule). Does not include expenses of munieipal plants.

T ABLE 41.—CGENERATOR CAPACITY OF FUEL-BURNING AND OF HYDROBLECTRIC
FEqUirMENT, ALL ESTABLISHMENTS! 1902 To 1927

BATED CAPACITY (RILOWATTE) i PEE CEYT OF TOTAL

CENSUS YEAR
Total

T SO 35, 811, 305 {
14,313, 438
904, 407

5,165, 430 |
2,709, 225
1,212,235 |

i No qdata,




60 CENSUS OF ELECTRICAL INDUSTRIES:

TanLe 42.—GENERATOR CaPAcITY OF FUEL-BURNING AND OF H YDROELECTRIC
‘Euuxpmm'x‘, 8Y CLass axD BY FREQUENCY GRouPs, Arn ESTABLISHMENTS

1927

TYPE OF GENERATOR

1927

RATED CAPACITY (KILOWATTS)

T8l v aemmenommm e

PER CENT OF TOTAL

]

Total Fuel Hydro Fuel | Hydro
25,811,805 || 18,961,793 | 6,849, 512 3.5 %.5
25, 537, 726 18,804,121 | 6,733,005 73.6 %.4
2,743,123 2, (87, 540 855, 574 76.1 8.9
21, 744, 481 186, 332, 400 5,412,081 75,1 4.9
1,050, 122 84, 172 665, 950 6.6 634
273, 579 157, 672 115,907 57.6 424

TasLe 43.—GExERaTOR CaPaciry oF FUEL-BURNING AND OF HYDROELECTRIC
EquipMENT, ALL ESTABLISEMENTS, BY GEOGRAPHIC DIVISIONS AND STATES;

1927
RATED CAPACITY (RILOWATTS) FER CENT OF TOTAL
GIVISION AND STATE
Total Fuel Hydro Fuel Hydro
UNITED STATESuucrannnemmmann 25,811, 305 18, 981, 793 8, 849, 512 73.5 26. &
GGRAPHIC DIVISIONS: |
R G W S 2,194,315 | 1,605,210 519,045 75,6 9.4
Middle Atlantic...... 6,373,454 5,174,297 1,199,057 81,2 8.8
East North Central__ 6, 245, 084 , 604, 224 550, 860 91,2 8.8
West North Central.. 1, 950, 096 1,632,732 317,364 83.7 16.3
Bouth AtlantiC....emv-- 3,144,019 , 013 1, 141,006 63.7 36,3
East South Central ...... 1,044, 785 &75, 519 474, 246 54.8 4.2
West Bouth Central...... 1,152,073 1,127, 24, 213 97.9 21
ALGODTEIN -« rwemmemmmmmm e 50, 8 287,127 693, 701 29.3 70,7
Pacifie..... .. 2,791, 671 881, 651 1,930, 30.9 66,1
NEW ENGLAND:
i 179, 364 37,708 141, 861 210 79,0
115, 554 51,844 83,710 44.9 55.1
141, 420 13,410 128,010 9.5 90, 5
1,077,337 9449, 603 127,644 88,2 L8
Rhode Island 94, 700 192, 950 1,750 9.1 0.9
Conneetiett . oo cecrcmramaren 415, 940 35\, 670 58,270 86.5 18.5
MIDDLE ATLANTIC:
New York 3,157,615 || 2, 166, 567 991,048 68.6 31,4
683, 876 | 678, 546 5, 330 99.2 0.8
2,531,963 2,329, 284 202, 679 92.0 3.0
1,742,858 1,726, 731 16,125 9.1 0.9
853, 063 B18, 273 34,790 94,7 5.3
Ilinois. ... 2,035, 905 1,495, 610 49, 98.0 2.0
Michigan 1, 188, 880 938, 222 252, 658 78.7 21.3
Wisconsin 624, 380 417,388 206, 992 66.8 33.2
WEST NoRrTH CENTRAL:
innesota, 872, 651 249, 400 123,161 67.0 33.0
Iowa. 482,122 | 329, 062 , 060 68.3 3.7
Missouri. . 472,272 450, 872 12,400 97. 4 2.6
North Dak 38, 36, 100.0 ———
South Dakota. 48,172 43,912 91.2 8.8
Nebraska 18D, 567 166, 125 14,442 92.0 8.0
Kansas. - cuwuw SRR 358,218 948, 177 10,041 67.2 2.8
BOUTH ATLANTIC: i
Drelaware, District of Columbia, i
and Maryland?........... - 488, 204 | 478,154 20,140 26.0 4.0
Virginia_._____ 364,633 | 287, 7 76,803 78.9 21.1
West Virginia. 564, 527 || 507, 785 56, 762 | 89.9 10.1
North Carolina, 551,985 | 222,745 329, 240 40.4 59.6
Sputh Carolina 491, 208 121,613 369, 595 24.8 75.2
Georgls. - , 130 &7, 254 282, B76 25.6 .4
Flomidaa e aecmeane. ——————— O 293, 242 287,742 5, 600 98.1 1.9
Easr 50UTH CENTRAL:
Eentueky , 030 165, 004 103, 035 65.4 34.8
TenFsEee. 33k, 412 210,931 127, 481 62.3 7.7
349, 427 105, 697 243,730 30.2 69.8
63, 557 €8y BET | emmcema 100.0 {ommcmeem e

 Comhined to avold diselosing data for individus) establishments.
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TasLe 48.—GENERATOR CAraciTy oF FUEL-BURNING AND OF HYDROELECTRIC
BEqQuirMENT, ALl EsTABLISEMENTS, BY GEOGGRAPHIC DIVISIONS AND STATES:

1927—Continued

RATED CAPACITY (EILOWATTS) : PER CENT OF TGTAL

DIVISION AND STATE |

Total Fuel Hydro ? Fuel | Hydre

WEST SOUTH CENTRAL: |
Arkansas 94, 955 84, 650 0,276 0.8
Louisiana_ 207, 542 207,542 |cememeeoan I U1, 1T IO,
Oklahoms.. 227, 575 225, 875 1,700 0.7
TRXAS. o cecaemamer e 622,001 6089, 763 12,238 | 2.0

MOUNTAIN: |
Montana. oo oo ceenn 268, 500 9,758 258,751 | 96, 4
daho.___. 208,117 3,630 "04 4R7 %, 13
Wyoming. 34,748 32,435 2,313 | 6.7
Colorado. - 198, 919 145, 231 53,685 | 2.0
New Mexico 4, 090 23,135 u55 | 4.0
Arizona._. 100, 600 33,012 m,e’ss : 66. 3
tah. .o 132,755 37,051 05,704 | 72.1
Nevada. . occraeerccmcnmcamcaan 13,000 1,975 11,115 1 £4.9

PacIrFIC: i
Washington. oo cmeee- e 603, 684 100, 437 5,7 | 188 63.4
Oregon.. .. ... 222, 097 104, 545 18,452 1 4.9 53,1
California. 1,964, 656, 66% 1,205,321 | 33.4 1 . 6
TABLE 44.~CURRENT GENERATED BY FUEL-BURNING AND BY HYDROELECTRIC

EqQuirMENT, ALL ESTABLISHMENTS, BY GEOGRAPHIC DIVISIONS AND STATES:
1927

CURRENT GENERATED (RILOWATT-HOURS)

FER CENT GF

i‘l TOTAL
DIVISION AND STATE . “ . .
Total ‘[ Fuel Hydro it Fuel | Hydro
\‘ 1 [ —
UNITED STATES- - cemnamccacan 74, 686, 378,010 55 45, 068, 239, 601 | 28, Tk, 136, 408 | 6L& ! 35.5
GE%R“EICQDIV&SIONS: 4,780, 193, 632 | g 2,805,308, 705 | 1,044, 584,427 i 59, 1 ‘l 40.9
ew England._ 3, 7 , 654, 427 40.
Middle Atlantic.. 19, 281, 644, 834 ]‘ 13, 102,350,877 | 6,179, 284, 857 r} 8.0 sz.g
East North Ceniral. - 5 1 15,7 o, ) , 425, 467, 4 S, 3.
Wost North Centeal.- mas s | i L) 2o 0 1
- - | 2, 46, ¥ A8y s | £ il
South Atlantic. ... 1 8445 216,788 | 5,439, 210,783 | 3 0M,97205 | B3 337
Tast South Central | ZFo6e 044 | 115,866,434 | 1,617, 403 a0l anw | 2
West South Central T 3 2v 021,117 | 3,211,403, 208 6,617,816 | 9. 1 1.9
MOUntain . coomooeeee | 3350 551,856 | 466 28N, K80 | 2,928, 22,470 | 13|  B6.2
PACHIC. oo 10,006,323, 747 | 674,208,562 | b 32,055,045 .1 0.7 0.3
| i
NEW ENGLAND: | R 1
Maine . 560, 664, 446 ,( 4,321,002 | oA BBIM L 0] 942
New Hampshire.___ 2926, 444,199 || 30, 642, 286 45 751, 913 Bl 13.6 3{5,4
Vermont---—-__ g o3 'gﬁ?'% % 1 5673" ig(i,aéz a5f) H TZ% : 0‘,}3
Massachusetts , 245, 301, 081 , 455, 284 | 1 o 10 2y
Rhode Island 411,073, 647 | '405,975,264 | 7,095,353 | ?x"" : zi:';
I} 314131 AN 68, 182, 4 y 40, 8275 R ) i . :
Connectic o 152052,: 643 ‘441.3.0:] LT
Mmrgg?ngn]?wm' 9,917, 685,550 | 4,671,200, 715 | 5,246,364,835 |, 4.1 ’Ilg
NEW JOrsey..-ommncommmcmmrmmns 1,861, 984, 703 || 1, 828, 236, 223 gs,Tan 40 WD LB
Pennsylvania._. 7, 501, 974, 521 | 6, 602, 533,039 500,141,482 ¢ 880 2.
L | . I
A e SR 4,724,016,312 | 4675,65,002 | 440 €05 10
TnAIARE oo ooemmmmmaren 1746163, 163 | 1,581,590,620 | 1oamenis | oLl B9
Tlinois ; U 6,075,352, 2 5857 130,056 | w222l W4l 5.8
Afichigan. Tl aiaee 019 | 2,708,559, 141 | LOs0TeSTE TLEL M
Wisconsin Tl Y802 7a0E83 | 0A% 094,457 (R TAREM . X .
WesT NORTH CENT o prra || I rag o | 30.7 63.3
i 357,074 || 300,332,688 54043&)‘; 7 6
%gé?: esota oo 1, 2%, 16797 | 619,861, 0 | \:j' dgg,z T .8
MisSSOULi_ . oomn 801,179, 442 S0 400, 104 | e 1000 oomnes -
Narth Dakota_ . .-omcoesmmmns- 0400100\ o TInEA S sn1| i2d
South Dakota..oceemnmecanneon-e , 407, 200 1| ; Jee | sagl 101
40, 543, 2 i
Nebraska - o bl ‘W" %;1:,3 Bl BT, nil 46
KANSAS .o wmommmrmmmmm e mma~mnl 0, 685, H h, 169 | 5, 054, i
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Taprg 44.—CURRENT GENERATED BY FUBL-BURNING AND BY HYDnom:Ecmxo
EqureMeNT, ALL EsTABLISHMENTS, BY GmoGrArHIC DIvisioNs AND Srarpg:

1927—Continued

CENSUS OF ELECTRICAL INDUSTRIES: 1927

CURRENT GENERATED (KILOWATT-IIOURS)

PER CENT op

TOTAL
DIVISION AND STATE
Total TFuel Hydro Fuel | Hydrg
SoUTH ATLANTIC:
1,102,187, 508 || 1,072, 025, 330 30, 102, 238 07.3 27
073, 700, 450 700, 054, 800 | 273, 711, 490 L9 o
1,002,819, 767 || 1,702, 747,074 | 200, 072, 608 805 105
2,036, 121, 761 0506, 160, 503 | 1,070, 961, 168 7.0 |
1,116, 286, 057 830,168,981 | 777, 007,070 30.4 | 60
746, 074, 405 102,320,095 | (43, 764, 310 1.7 su3
567,070,880 || - 567, 742, 550 10, 237, 330 08, 2 18
mok) e mes) oo
030, 874, 282 " 437, 570, 437, 17 30, X!
Alabama. . 1,270, 158, 704 332, 655,730 | 037, 603, 025 o621  Thg
Mississipp 64, 670, 942 0y 70, 042 | oo L 00,0 |eceaee.
WEST S0UTH CENTRAL:
Arkansas 174, 197, 548 128, 221, 558 48, 975, 000 7901 96,4
Tonisiana. 634, 594, 420 (34, 504, 420 {onnammeo oo ST
Oklahoma 054, 513, 265 049, 503, 036 5, 010, 230 99, 2 0.3
TOXES - s e oo 1,811, 715,884 || 1,700, 084, 285 12, 631, 500 9.3 0.7
MOUNTAIN:

MOMERNA e emeeoeemmeeemeeeaas 1,308, 749, 270 11,870,005 | 1,380,872, 584 0.8] 0.2
i i) e o)
yoming_ ) iy v 3 A
Colorada: 490, 565, 861 278,489, 044 | 221, 077, 017 567 | 443

32, 674, 286 31, 108, 801 1, 475 485 05, & 45
280, 207, 002 01,225,804 | 210, 041 108 28] e
340, 873, 488 16,742,040 | 334, 130, 530 40| 051

57,137, 202 2, 140, 860 &4, 00, 432 37| 93

2,105, 288, 534 64,041,833 | 2,041, 246, 701 30| ono
840, 002, 576 237,087,046 | ' 602, 375, 530 283 717
7, 060, 972, 637 872,530,823 | 0,388, 432, 814 0.5 0.5

1 Combined to avoid disclosing data for Individual establishments.

? Less than one-tenth of 1 per cent,

TasLe 45.—GeNErRATOR CAraciTy, OUTPUT OF CurranT, AND OUTPUT PER

Kirowarr, ror FURL-BURNING AN

EsraBriseMuNTs: 1027

p FOorR Hypromrmorrio RQuirMmeNT, ALL

Tuel Hydro
Rated generator capacity (kilowatts) .- _onoemeoooo e 18, 061, 703 0, 849, 512
Current generated (kilowatt-hours)... 435, 068, 230, 001 28, 718, 188, 400

Kilowatt-hours generated per kilowatt of capacity:

Perannum......

Per diem. -

2,424
6.0

4,108
11.6




Chapter V.—COMMERCIAL AND MUNICIPAL
ESTABLISHMENTS

Nl-upber and size of establishments (Tables 486, 47, 49, and 50).—Although the
municipal establishments for the first time slightly outnumber the commercial
establishments, they average much smaller in size. In 1927 they had 5.8 per cent
of the total horsepower and generated 4.5 per cent of the total energy. During
the past half decade both municipal and commercial establishments increased
greatly in capacity and in output. Both decreased in number, the commereial
establishments far more than the municipal. Many of the former serve large
_-areas and the deerease in their numher was due to consolidations of companies
serving contiguous areas. Municipal plants generally serve individual eom-
munities, and consolidations with other municipal establishments are not usually
practicable. The numerical decrease represents an excess of shsorptions by
commereinl systems over the inerease due to the establishing of new municipal
systems. The number of commercial establishments reached its peak in 1917,
the number of municipal in 1922, and the number of hoth combined in 1917.
From 1922 to 1927 the commercial establishments fell off so greatly in number
that they became fewer than in 1902.

A different situation prevails with reference to municipal systems. Most of
these are relatively small, though there are important exceptions; a change of
ownership usually, if not always, requires the sanction of a popular vote. Most
of them are separated from one another. As a rule, each serves only one com-
munity and perhaps, when legal authority exists, its immediate environs. The
decrease in the number of municipal establishments did not set in until the
latest 5-year period, and then the rate, 14 per cent, was much lower than that
for commercial establishments, 43 per cent (Table 48). Since the total horse-
power of prime movers in municipal plants increased by 60 per cent, it appears
that for the most part the numerical decrease was in the establishments with small
generating plants or none at all, i. e., those purchasing all their energy. Of these,
several hundred were absorbed into commerecial systems. The exact number
can not be stated, sinee the statistics do not reveal how many new plants came
into existence during the interval.

TEstablishments with generating equipment and those operating exclusively on
purchased energy (Tables 46 and 47).~The following summary, based on
Tables 46 and 47 and on corresponding data in the census report for 1922, shows
that only 53.8 per cent of the estahlishments reparting generated all or any part
of their energy in 1927, the percentage being somewhat greater for the eommereial
than for the municipal systems, nearly half of which operated entirely on pur-
chased energy. Moreover, in both classes the percentage of those purehasing
all their energy was decidedly larger in 1927 than in 1922.

I | 1 i
! Mot gen- | Percent | Peroent

All estab- | Generat- | B | seperat- | not gen-

lishments '} ing energy | f,;%}g? L B Ii!n? 3 em“&g
| { ; :
| - ‘
1927 % | |

Total establiShIDentS . ceeveemmnonzansmnmnn 4,335 | 2,331 § 2,004 @8 46.2

2,137 | 1,218 | g9 E.0 430

%&ﬁ?ﬁﬁ‘i‘ _____________________________ 2, 19§ i 1,113 § 1,085 1 0.6 ) 49.4
1922 i 1 ‘:‘ 5

Total establiENMentS. v o ane emaamemnomemses 6,355 | 4,359 | 1,968 | 0.1 30.9
® ; ! ’

‘ 65 194 0.2 29.8

CoOmmMErCisl. .o veesrommemmermaremsenm=n 3,774 | 2,650 | 1'842 i e 58
Municipal...ceracaumnccemmmamnemoumnnas 2, 581 1 1,789 ‘ 7 ;

63
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The shrinkage in the aggregate number between 1922 and 1927, which oceurred

. in every group—purely electric as well as composite (see Table 2), and municipal

(with the exception of “Municipal, not generating”) as well as commercisl—re-

* fleets the trend toward the elimination of small operating units by consolidation

and the increasing distribution of power to many communities over extensive
areas from large advantageously located plants. The inerease in the ratio of
the number operating on purchased energy to the aggregate number is another
manifestation of the same trend.

The number of establishments increased considerably during each &-yoar period
until 1917, but decreased slightly between 1917 and 1922 and fell sharply during
the following 5-year period. (See ‘Definition of establishment,” p. 14.) The
number of generating stations also decreased considerably hetween 1917 and 1927,
and especially during the period 1922-1927. (See Table 5, p. 21.)

Fuel consumption and size of plants (Tables 47, 48, and 49).—The differences
in magnitude, especially as to area served and size of plants, lead to other differ-
ences between commercial and municipal plants. Relatively, oil is a far more
important fuel than coal, and the internal-combustion engine a far more impor-
tant form of prime mover, for the municipal than for the commereial plant (Tables
48 and 49). The prairie States, in particular, abound in small municipal plants.
Whereas the average prime-mover rating of commercial generating plants for
the country as a whole is about 26,500 horsepower, the corresponding average for
municipal generating plants is only 1,766, and for the 409 plants in the West North
Central States it is only 829 (Table 47). In North Dakota the average is 210
horsepower, in South Dakota 412, and in Nebraska 585. In the South, Georgia
has 53 plants, averaging 283 horsepower. ;

In aggregate horsepower rating of municipal establishments the State of
Washington leads, closely followed by California, each with more than 250,000
horsepower; next in order come Michigan and Ohio. Nebraska has the largest
number, 105, or 9 per cent of all municipal establishments in the United States.
Rhode Island has none; several States, among them Montana, have two each.

In number of commereial establishments and in aggregate rating, New York
leads and Pennsylvania is second.

Energy output (Tables 49, 50, and 51).—The largest proportion which the
output of municipal establishments formed of the total was that reported ab

. the Census for 1902—7.8 per cent. It fell to 4.9 per cent in 1907 and continued

to fall until it reached its minimum, 4.1 per cent in 1917, then rose to 4.7 per
cent in 1922, and fell to 4.5 per cent in 1917,

Measured by energy oufput compared with the total output by geographie
divisions, municipal plants are most important in the Pacific States and least
important in the Middle Atlantic States (Table 51). The West North Central
division ranks second. Nearly 40 per cent of the municipally generated energy
is produced in the three States on the Pacific coast.

Parallel development. (Table 52).—The ratios of the totals for munieipal estab~
lishments to the aggregate for the industry have undergone moderate changes
during the past 26 years. The revenue in 1902 constituted 8.2 per cent of the
total; it fell off slightly, but rose again to the same figure in 1922, then fell to
6.8 per cent in 1927. The record of number of customers goes back only to
1907. Municipal establishments reported 14.6 per cent of the total number for
that year; there was a gradual decrease to 12.9 per cent in 1922, followed by o
pronounced decrease to 9.8 per cent in 1927, Kilowatt-howrs sold have been
recorded only since 1917. The output of municipal establishments formed 4
per cent of the total for that year, 4.9 per cent in 1922, and 4.6 per cent in 1927.

Regional distribution (Table 53).—The region showing the largest percentage
of municipal business is the Pacific division, where three important cities are
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thus served. The percentages for munieipal establishments compared with the
entire industry in this region, are as follows:

Per cent
Number of custOmers. ... cmme e 21,1
Kilowatt hours s0ld . oo oo e 16.1
RevenUe. - oo e oo e 19,1

At the other end of the scale stands the Middle Atlantie division, where the
corresponding percentages are 2.1, 0.7, and 1.3. The West North Central divi-
sion ranks second. Compared with municipal operations in the couniry as a
whole, the Pacific States reported 41 per cent of the number of kilowntt-hours
sold and 27 per cent of the revenue.

Effect of ““undistributed’’ items on comparisons between commercial and
municipal establishments.—Because of the disproportionately large “undis-
tributed’’ sales, it is difficult to make comparicons between commercial und
municipal establishments in respect of average receipts per kilowatt-hour for
residential service and for “small light and power (retail}.” Thus, in the United
States as a whole the revenue per kilowatt-hour for energy reported as ** Unidis-
tributed by class of service' is slightly larger than that for the higher revenue
class, the residential, in the case of municipal establishments, but it is wnterialiv
smaller in the case of commercial establishments. Most of this energy for which
a separate classification was not possible is used for domestic lighting and “sroall
light and power (retail).” The former sold probably at a rate sumewhat in excess
of the average for the group and the latter at a somewhat lower rate, The inclu-
sion of the undistributed sales, had it been possible to put them info thelr proper
classes, would therefore have correspondingly affected the average reeeipls per
kilowatt-hour for residential service and for “small light and power {retaili”

Farm customers (Tables 56, 57, 60, and 61).~The actual number of fari
customers is probably understated in the returns, sinee not all cy_uupzmip;»: have
separate records for this type of service. Of those reported, 32.1 per cent are o5
the Pacific coast and 30 per cent in the East North Central States. Most of the
Pacific const farm customers are served from commereial estallishments, whiiles
this class of customers served from municipal establishments is largest in the
East North Central division. m

Commercial service——Average receipts per kilowatt-hour fc.;}‘ tmmmq;ml
service as furnished by commercial establishments and by muni.cxpzd extablisl-
ments can not be compared, on the basis of the published fstati;mc;;-? h-‘ aitss for
the former class of establishments this service appears under two class
retail and wholesale, while for the latter no such distribut?c_m is bhOVM:Xl. o

Employees (Table 64).—The electric light and power xm.!ust:ry dxfi‘em »x"n, <.>;;wi
important respect-—the human element—from those industries m»whw}% zzmt-%*rfu.
commodities are manufactured. The former is cunceme_d m.)t with ffxe;* ;fr«FA%EA?:
tion of tangible goods but with the conversion and distribution of em:‘rg}’. , m:
human funetion is confined to the supervision and control of the a;;parmfiuf m
means of which these operations are performed and to the cmnmﬁmj}a; aiwnmf
necessary in carrying on the business of the industry. Curxtrzfst?li v\ Lfc Mﬂlfjﬁjf;
magnitude of the industry in other respects, the n.umh&::r of ],ri;!‘:f.)‘!xialltf‘lfa{v:;:{h,1 .
remarkably small. In installed horsepower tl}e mdustr}: ap;:r:me'. m“; (1 ;tM
per cent of the total for manufacturing establishments l,luclxxcixxsg in the L % -

i iv v hased eurrent), but in nuzabsr
total the power of eleetric motors driven by purc = b T the mani-
of employees it is only & little more than one-twentieth as g_nf .m(’:m 41 o
facturing industries the wage earners outnumber the Sﬂ:lar-lt?t officers and -

ix t . in the electric light and power industry urie
ployees more than six to one; in ! D o earucrs I ht €110
employees are more than two-thirds as numMeErcus as the ’w.zxgu X eﬂtﬁb&iﬁvhﬂ‘ié‘lﬁm
mereial establishments and half a5 numerous in the munieipal €8 8
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In both groups (commercial and municipal), as technical progress has reduced
the amount of manual labor to be performed, there has been a gradual shift
toward a larger ratio of salaried employees to wage earners.

Comparison of commercial plants with municipal plants in cities having 25,000

* inhabitants or more (Tables 65~69).—The number of municipal establishments

situgted in places having 25,000 inhabitants or more constitutes only 2.5 per
cent of the total number of municipal establishments, but in most other respects
they exceed all the rest in importance. They reported 56.1 per cent of the total
value of plant and equipment for all municipal establishments; with 54.5 per
cent of the generator rating, they produced 66.6 per cent of the output; they
received 41.7 per cent of the revenue (indicating that their average revenue per
kilowatt-hour was somewhat less than two-thirds of the corresponding average
for all municipal plants); and their customers represented 382.7 per cont of the
total for municipal establishments (Table 69).

The only consolidated halance sheet and consolidated income, operating-
revenue, and expense statements available for munieipal plants are those apply-
ing to such plants in places having 25,000 inhabitants or more, and these do not
completely reflect conditions for the municipal group as a whole. The advan-
tage naturally lies on the side of the large, adequately staffed, and efficiently
operated establishments.

The only comparison that can be made, therefore, is between this selected
group of municipal establishments and all commereial establishments (Tables
65-68).

The average value of plant and equipment for this group of municipal estab-
lishments is $305 per kilowatt of generator capacity; that for the commercial
establishments is somewhere between $327 and $364 per kilowatt, depending on
the amount of the “undistributed’ value in Table 65 that may bhe assigned to
electric plants.

It should be distinetly noted that these figures apply in all eases to the entire
equipment—generating plants, transmission lines, substations, and distribution
systems, including usually the meters on the consumers’ premises—and not
merely to generating equipment alone. The latter constitutes only a relatively
small portion of the total, )

Allocation of expenses (Tables 67 and 68).—Certain similarities and certain
differences are evident from a comparison between the revenues and expenses of
all eommereial establishments and those of municipal establishments in places
having 25,000 inhabitants or mare. Expressed in percentages of total clectric
revenues, the fuel costs are 9.3 and 8.6 per cent, respectively, for the two groups;
the cost of purchased power, 8.4 and 8.1 per cent; deprecigtion, 6.8 and 10.7 per
cent; other operating expenses, 26.8 and 39 per cent. Operating taxes for the
former consumed 8.8 per cent of the total revenue a8 against only 1.1 per eont
for the latter, Many municipal establishments pay no taxes. '

TABLE 46,—NUMBER OF ESTABLISEMENTS AND Agarrcars HoRsBPOwWNR or
?égl;in Movers, COMMEROIAL AND MUNICIPAL EsraBuisuvmNTs: 1902 To

NUMBER OF ESTABLISHME | AGGREGATE TTOREEPOWER OF PLRIME
SHAENTS MOVERS

Commer-| Munigi-
Total olal al Total

CENBUS YEAR

Commercial | Municipal

4,835 92,137 2,198 38,710, 128 83,001,400 | 2,048,722
8,355 3,774 2,581 19, 850, 860 18,870,782 | 1) 280, 128
6, 542 4,224 2,818 12, 936, 766 12,077, 667 860, 008
8,921 3,050 1,662 7, 630, 044 6, 970,716 5§59, 828
4,714 3,462 1,262 4,008, 188 3,776, 837 321, 351
3,620 2,808 815 1,845,048 1, 685, 020 160, 028
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TasLe 47.—NuMBER oF EsTaBLISHMENTS REPORTING GENERATING EquIp- i
MENT, AND AGGREGATE HORSEPOWER OF PriME MoveERs, COMMERCIAL AND :
MUNICIPAL EsTABLISHMENTS, BY GEOGRAPHIC DIVISIONS AND SraTES: 1927

NUMBER OF ESTABLISH~ 5
MENTS REPORTING i| AGGREGATE HORSEFOWER OF PRIME
GENERATING EQUIP- | MOVERS
MENT ;
DIVISION AND BTATE ‘
1 ' { :
Com- | o !
Total || mer- ;Z&{u&w i Total i Comimnercial | Municipal
cial | P i \
| ; |
UNITED STATES .+ cewmmnnonns 2,431 || 1,271 i 1,160 || 35,710,128 | 33,601,406 | 2,018,722
GEGQGRAPHIC DIVISIONS: | | Bt !
New England. . cocecmrnumaerouns) 170 139 | 31 3,009,090 : 2,428,727 | 80, 363
Middle Atlantic. .. 210 160 50 | 8,614,712 ¢ &, 521, 506 93, 206
East North Central.. 431 103 238 ! 8, 668, 303 8 075 806 592, 587
West North Central. 617 208 400 ! 2,671,236 2 .552 260 , 976
South Atlantie...... 312 5L | - 161 : 4,393,793 4, 192,921 200, 872
East South Central. ... 149 86 63 ‘ 1,446, 897 ] 1,392,218 84, 679
West South Central. 249 122 127 | 1,563,349 ¢ 1,451,029 111,420
Mountain. .. _.eo - 200 138 621 1,405, 585 © 1 365 246 42,339 i
Pacifit.merme e rmm e e 93 | 74 19 3, 937,073 ! 40 , TO3 534, 280 t
! ;
NEW ENGLAND: ! | I
i 34 28 6 242,316 250, B39 ¢ 1,757
22 20 2 157,331 J 156, 106 | 1,225
Vermont. e a2 24 8 204, 036 192,520 ¢ 11, 516
Massachusetts, 56 44 12 1, 528, 568 | 1,475,319 | 53, 249
Rhode Island 3 b 3 P 63, 470 263,470 | e
Conpecticut oo .. - 23 ! 20 3 603, 369 | §40, 753 | , 616 ;
MIDDLE ATLANTIC: | ‘ i i
New York 102 | 79 | 23 4,212,355 | 4,162,311 | 50,044
New Jersey. .cercrcccummmcnvncacn 16 ! 9 ! 7 1,003, 561 . 'J‘.Iu 826 1 7,732
Pennsylvania, 92 | 72 ; 20 3, 348,796 | 3,363, 866 35,430
EssT NorTH CENTRAL: i | | o
Ohio 82 | 33§ 49 2,354,554 ¢ 2,100,718 ! 157,836
Indiana 82! 27 | 35 869,025 | 763,280 ¢ 07, 545
D018 o r oo ceeaen g1l 32 59 2,904, 559 2,791,410 | 113,149
Michigan.. 105 | 48 57 1, 618, 740 - 1 4&6, 811 | 151,920
Wisconsin..... o 53 a8 G20, 615 | B8%, 487 | 32,128 ;
WEST NORTH CENTRAL: ! i : |
Minnesota. .coamcavrne e 74 27 47 | 516,124 | 460), 463 53, 661 :
lowa.... gl 2 62 648, 807 | f01, 013 | 4@,594 :
DMissouri 78 | 39 39 648,028 | - B03, 115 | 44,913 ]
North Dakotte . cecmenrrmncen e 62 " 37 25 56,136 i 50, 89) &, 246 :
South Dakota. cmcmccmemcsimcnen 82| 23 2 70,514 : £8, 580 | 11,934 ;
Nebraska 147 | 42 105 250,055 | 185,748 | 61,307 i
Kansas 118 | 16 102 481,572 | 365, 581 ¢ 113,(!21 el
S0UTHE ATLANTIC: ; : | i
Delaware, District of Columblia, | i !
and Marylan@ 1. . .cvviaanns 31} 18 13 695, 284 | 683,742 | 11, 542
Virginia ........... - 42 | 28 14 801,775 475,163 | 2,612
West Virginia... - 29 | A 5 755, 268 | TE4, 288 | G50 !
North Carolina_. 58 | 24 31 772,824 737,207 ¢ 35, 557 1
South Carolina.. 31 18 13 700, 433 694, 352 6, 181
Georgia. .omoue. 73 | 20 53 608,772 ! 503,745 1 15, 0124
Florida. aeovemccememrm e 51 i 19 32 350,437 254,361 ! 165,076 ;
East SoUTH CENTRAL: | i ! |
TONUUCKY oo ommmmom e remmenan 3 2 gl g 38,6 9,595 .
TENESSEO . « e em e 38 | 22 16 455,905 43%, 458 | 17, 507
Algbama. ... 21 14 9 508, 240 52,495 | 5,745
MiSSISSIOPL - e om e e mmmem e B3 ! 21 32 87, 454 67,622 ! 21,832
WEST uUUTH CEWTRAL' | I "
ATKANSAS - e e e e 34 21 13 131, 036 = 118, 829 : 12, 207
Louisiana 49 l 17 32 4 276, i 2.10, 425 | 25, g7a
Oklahoma, 75 | 28 49 |i 209, 789 || 264, 649 | 45, 140
Texas. 91 j 58 33 ! { 35, 048
MOUNTAIN: B 9! ”
Montana. ceecmmecremnmnaceaans 20 18 2 X X
Idaho.. 2% 21 3 | 5,240
Wyoming. ... P 2w 2 8 %
Colorado. . ccummmm e 55 : 26 29 &
New Mexico. . 19 { 17 2 46(3
Arizona 22 18 4 405
Utah. - 23 | 9 14 8,030
P NeVBAB- o oo commecmmmmmmmcm e 9 { 7 2 360
 ACIFIC!
Washington gé i %g g ( ~’é:§%
QOregon. .
California. . ieirnrmrmeacnns 36 i 30 8 | 254, (120

1 Combined to avold disclosing data for individual establishments,
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- - A -
TanLe 48.—CoxsusprioNn oF FugL, By Kinp, wite Coar Equivarent, Con
MERCIAL AND Municipan EsTaBLISEMENTS: 1027
% QUANTITY
KIND | Unit of measure “ - ~
| Il Total ] Commercial | Municipal
; | .
ABUIACHG oo eooeee oo Con (2,240Ths) ...l 1,787,603 | 1,743,008 44, 62
ﬁft‘u'ii}” g { Ton (2,000 1bs | s5eBLS1L || 33,344,003 | 2,337,221
Coke | Ton (2,000 b 00h 31, 623 1,623 | ... i
Fuel oil, ke arrel (42 gals.) .. 7,145,798 | 5, 246, 539 1, 899, t
Gas, iy ured 1,000 ¢t fto oo [ 6,160,753 £, 147, 860 12, 8%
Gas, nutural oo . L0 el e | 59,362,039 65, 786, 131 3, 625,

Total equivalent fued, oo oo Ton (2000108 o ool

erating stations.

hyur of output,

1lS of ¢oul equivalant per RIBWarte oo oo et

‘!
tt hours generated by fuel-hurn- © Kilowatt-hours_____ 1‘45,908,239,601 1144,202,993,027 (1,765,245,674

EQUIVALENT TONS OF BITUMINQUS COAL

I
EIND ¥nit of measure i 1
‘ Total Commercial | Municipal
i
I
|
Anthraclte ..o Ton €2,2:0 ha).___ll 2002217 1,952, 237 49, 480
Bituminsus Ton (2,600Ibs.)- "0 35,681,314 || 83,344,083 | 2,337,221
A Ton (2,6001bg.)-..._| 27,498 27,498 |oeeno i
Barrel (42 gals.) i 1,786, 449 1,311, 634 474, 815
LG e fEo | 136, 136, 619 287
£ | LOMen, oo | 2580,928 2,423,310 157, 648

valent fuel....o..._......| Ton (2,000 lbs)-......

Kilowatt hours ge il by fuel-burn- | Kilowatt-honrs.._.._|... . o
ing generuting statipns, i
Pounds of eoal equivalnt per Kilowatts |ooooooeo oo ! 1.84 177

hour of sutput,

42,215, 342 89, 195, 391 3,019,951

TasLe 49.—CureeNTt GeneraTeD, BY TYPE OF PRIME Mover, COMMERCIAL

aND MonicipaL EsTABLISEMENTS: 1927

7 T
! | ; .
] GENERATED OUTPUT (KILOWATT HOURS) | Pﬁ%gﬁ?ﬁgfa
TYFE UF PRIME MOVER : T }
i i " . Com- | Munie.
: Total i Commercial | Municipal : :
| v i\ . i D! merciall  ipal
- - |
Totale. oo, | T4,6%,378,000 | 71305, 530, 538 | 3,379,538,472 || 100.0| 100.0
Bteam . .o...._._. | 45,391,100,U14 | 43,586,864, 508 | 1, 504,326,346 || 6L 5 4.5
Water. .. - L 28,71, 138, 400 I 27,108, 845, 611 1 1,614,292 798 380 47.8
Internal-combustion. ., seenmene) 477, 048, 687 l 316,129, 350 | 260, 519, 328 0.8 7.7
! j i

TasLe 50,—CURRENT GENERATED, COMMERCIAL AND MUNICIPAL Esrasrism-

. MENTS: 1902 TO 1927
1

: GENERATED OUTPUT {(RILOWATT HOURS) PER CENT OF TOTAL
CENSUS YEAR j B . ! . Commer-| Munie-
i Total i+ Commercial estab- | Municipal estab- ci ipal es-
| - lishments {  lishments establish-| tablish-
i | ments | ments

fpom [
TO863TR 010 L TL306,830,538 | 8,870, 538,472 95.5 4.5
40, 281, 538, 435 11 38, 413, 240, 163 i 1, 878, 206, 272 95,3 4.7
25,438, 303, 172 | 24, 398, 953, 153 | 1, 039, 320, 089 95. 9 4.1
1L, 569,100, 585 11,031, 583, 155 | 587, 526,730 |; 95.4 4.6
5,862, 275, 737 | 5, B72. 813, 49 | 289,462,788 || 95,1 4.9
2,807,031, 115 i 2311 146,676 195, 904, 439 ; 92.2 7.8

g

)

ki

S
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Tasre 51.—C
. URRENT GEN
ERATED, C
MENTS. By OMMERCIAL AND Mun
) GroGrAPHIC DIVISIONS AND w«%i“{ﬁ?ﬁ Estaniisa-
. -

7 GENERATED OUTPUT (KILOW Ji
DIVISION AND STATE TPUT (KILOWATT-HOURS) L meg’;};f or
. - ‘ I
s Total 1 Commercial | Municipal ’ Com- w'\IumL-
¢ 1 U mereial ! ipal
L TUNITED STATES 74, 656 ‘ i § .
£ [ i . e o [ -
E GEGGRAPIIC DIVISION , 686,378, 010 || 71,306,830, 588 | 3,379, 834,472 L@ L5
4,750,193, 632 U i
i East North Central_ . 19, 281, 644, 834 lg’ (13'}2, E’)f]‘g, 508 | S0, 683,124 | { .
; West North Central. 1o oot son | 1 3w 3 340 | 129, 570, 034 | I
South Atlantic_ ... 4, 549, 263, 907 Erig g’*ﬂ | w 580, 195 o £
4 East South Central.. ARSI e | R yar T 3oa, 087 iy
; West South C i 2, 777, 26%, 04 5,187,173, 106 2uA 502 4 wl
J M 1 entral. 3 975 091 4 2, 706, 203, 700 | 71 (6 I é1
ountain. .. oo .. , 275, 021, 117 3,129, 148, 636 | e _:i 344 | Se
! Pacific. .. .- .nowmmoe 1?)' 43R0 5510356 || 3, 308, w0, :{Sg PR oT sl o8
/ NEw ENGIAND: ) 10,000 323, 747 || 8 651, 200,401 i uhs | 15
i A < i i -
: 560, 664,446 | 551,305,107 j
; . I 05, 105 ¢ 4
miagion | momEd LBy o
H , 528, 207 | 391 J\Q 609 | 96,5 1 t
2,215,301, 081 | 2,1 | 16, S L
; o4 | s 51 830, 541 L3 4 San o A 5.6
i g{lxg. (]);3,847 | 411673, 647 a0 | e g
: £2,052 | 862 -;‘}1’ 18 et ! ——— : o
. | , 781, 130 5,401'),’,122 i G4 ! 3
9,917, 635, 650 \‘ 9, 840, 193, 097 R b
, 193, (
B ASP%{‘I“SYhﬂma .1, 8’8}‘334’ 763 | L&, g e B2 Lo
) T NORTH CENTRAL: , 501, 674, 521 :i 7,465,453, 150 :»1L‘=,4';1,371J rfcfii ; ‘(:f
Wi | 5 o o | I
3 87, 016, 056 | H al, ®, U
: 3,772, 6, 019 | 5 15507 | 0.7 5 ;
: WE%\Ti .Non'utz G 1807736883 || 1,906, 78R, 545 g ol o e ;
: Minnesota. ‘ 50, 40, 138 7.6 5.0 H
Towa._.__ 543,857,074 | “en g1 Ty ! : ; -
1I&@hss%un L gé‘{ i"'{' ;g: i 75, ‘ﬂi’ f‘)?)f :?‘ x;:ﬁz 2:‘)’ I 7.4
orth D 79, 442 : ¥ T .2 Pl
South Da%{“’t“ 59, 400, 194 || 838,015, ¢ | ; g
Nﬁhrn:kg R 90, 407,255 l‘ v 3";.‘ P ; ’*ﬁ
7 7 <. } Lot
iy BB oace e gog’gﬁ 53 ;; s o o1 | 170
UTH ATLANTIC, 23 665, Z07, 240 i 16.0
Delaware, District of Colum- " “ w6 507, 248 i 1%
bia, and Maryland? 1’ ' i
VATZIR - oo mmmemmmemone 1,102, 187,563 | 1,085,262,041 | o
West Virg " g* AGQ»éug (AT .4 13
}Sx*oglr&lln gamlhna bR f?i | boLom oz ! Doy gt
arolina 4 Ix e [t}
- 1,118, Z('.G,g i g1 LG
746,014.405 wig 0.4
G52 ‘ o .
EAsT SOUTH CENTR! BT uiessn | 4030 | oeks 1T
Kentucky. HAL: 505, 564,056 i G0l e Ty, 2
enne! - 4, 056 || 457, 30 o | :
Alabama.. 438,574, 22 | LAl e ve«,; w38
_ Mississippi.....-- 1L 2&2, ég»rs, 764 | 22, ',J’: 2.8
Wast Sourh CENTRAL: , 670,042 | i 299,1» @ w1
rkangas. e . G,
TOTISIENA . - oo omo oo 174,187, 548 | 161, 435, 781 . .
Qklahoma. 634,504,420 || 507,029, 381 28 T4 .
~ 654, 513, 965 | 604, 550, 285 | M2 5B .
MMOUNTAIN: 1,811,715,654 | 1,759, 000, 489 ,;-7-% i Z.g E
1,508,748, 279 1,395, 693, 762 ‘ ' ‘ -
76133, 2z ééﬁ | v:gg R g W
V0 | 240, £ T . .
499, 565,961 | o s wg o 28 ‘7
32'3“).413“5 : a1, 790, 552 dﬁ-; ;o AB
3401 S-?y Ha '?"0 385, £28 S5 w},‘_ i “f i
- ‘é’:&?s i Mguﬁd 047 » '{ i L‘f
7,187,292 56, 607, Gyl 5 Ez
o2, Bl (5% &, 105, 51 e
050,912 & o 032,5794.5._ o smamG . BAG e

1 Combined to avoid disclosi
F O b O of 1 pelege rxil%ta for individual establishments.
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TapLE 52.—NumBer oF Cusrommers, CURRENT SoLD,

AND REVENUE FROM

ErLecTrIC SERvICE, COMMERCIAL AND MUNICIPAL HSTABLISHMENTS: 1902

TO 1927,
1927 1922 1917
Number of CUStOMErS. . oo e oo ccecemee, 21, 780, 238 12, 709, 868 7, 178,708
Commercial. R 19, 661, 370 11, 085, 124 0, 202, 189
Munieipal . mveeoooereecon ——— - 2,128, 868 , (44, 744 , 14
Current sold,!kilowatt-hours....... U 79, 011,210,518 | 41,064, 785, 034 25, 751, 964, 800
Cominercial | 75,344,545,700 [ 30,912, 345, 239 24, 722, 517,370
Munieipal.-...... e mmmn e 3, 666, 664, 809 2, 052, 439, 795 1,028, 447,40
Revenue from electrie Service . . ooreeeoomcuu-- $1, 802, 665,403 | $1, 020, 439, 038 $502, 056, 080
Commercial.... : $1,080,218, 664 |  $9ap, 851, 670 $462 473, 917
MUDICIDAY e e eeeer e emim e mm e $122, 436, 829 $83, 587, 350 $30, 586, 063
1912 1907 1902
Number of customers 3,837, 518 1, 046, 979 (%)
COMMETCIAl e oeoeeame caeme e cm e mmmmnm 3,811,870 1, 463, 354 [
Municipal - - 525, 048 283, 625 (%)
Current sold,! kilowatt-hours @) 2 (]
Cgomumercial : . ) Q] Q9
Mumnicipal O] ® (%)
Revenue from electric service .. oo voecemcvnccmenn $287, 138, B57 $160, 614, 601 384, 186, 603
Commercial..... 3264, 474,040 $156, 000, 257 $77,340, 740
Munieipal . $92, 663, 708 $13, 614, 434 $6, 830, 850

1 These figures for current sold inclnde kilowatt-hours sold for resale and are therefore somewhat larger

than the figures for the consumption of current by the ultimate consumers.

For 1027, the total sales of

76,011, 210, 518 kilowatt-hours include 15, 398, 729, 430 kilowatt-hours which were sold for resale, and revenus
from electric service includes revenue amounting to $135, 608, 922 received from sales to other clectric com-

panies. For earlier years figures for this separation are not available.

? Not called for on schedule.
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TapLe 54.—NUMBER or Cusromers, CURRENT SOLD, AND REVENUE PROM
Erecrric Service (UrtiMare CONSUMERS OxLy), BY CLAss oF SERVICE,
CoMMERCIAL AND MUNICIPAL ESTABLISHMENTS: 1927

NUMBER OF CUSTUMERS

Total Cammercinl + Munivipal
Bales to ultimate econsumer, total . ...._._....... 21, 786,317 |

149, 657, 850 |

102, 354
14,595, 774

Tarm service.
Domestic service.
Comimerejal service:
Small light and power (retail)..____
Large light and ower (wholosale).
TUndistribnted by class of service.
Municipal street lighting ?
Railroads (motive power):
Street and interurban. ..._.........._.
Electrified steam-railroad divisions.

Other service L
CUEEENT 861D, FILOWATT-UOURS
i
i
: Total Crnuereial Alumicipal

Sales ultimate consumer, tOtal .o v veeroncccwnnes 63, 512, 481, (5%

835,971, 3
7,10%, 619,

Farm service. .
Domestic service

rt
i
3

Small light and power (retail)..._.
Large light and power (wholesale).. i, 610
Undistributed by class of serviee........ 3, 102, 554, 4
Maunleipal street lighting 2. .ooooe ... eeeel 1,741,426,
Railroads (motive power): o
Btreet and interubran y 6, 254, OA1, 20%
Electrified steam-railroad divisions. 18, 149, 041
Other service. wit, 178,143

o
5
o
[ 34
I

Sales to ultimate epnsuier, total

FALT SEIVIOB ne e o wcmc e e mem e m e 15,882,007
Domestic service, £ 481 M B3 |
Commergial service: X e s
Small light and power (ret&il)a..-oooo.. —— ! 410,652, 835
Large light and power (wholesale).. |
TUndistributed by class of service...
Munieipal street lighting L. veacmeccuna-
Railroads (motive power):
Street and interurban S
Electrified steam-railroad divisions.
Other service..csmmacrcmannnaw

456, 47 @ .
134, K68, 5
&9, 141, 1o

» B
e
1,007 488

1 Includes large light and power, . e & e g gy
2%;213(123 }zllrgrzazugicipal sei;vice “for which o chiarge was made by the lght an? power deparimart,

munieipal establishments,

2105—30 6
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TaBLE 55.—CvuRRENT S0LD PER CUSTUMER, REVENUE FROM BLECTRIC SpRYVIGH
PER CUSTOMER, AND AVERAGE REVENUE PER KILOWATT-HOUR Sorp, py
Crass oF Smrvics, COoMMERCIAL AND MuUNICIPAL ESTABLISHMEINTS: 1927

CURRENT SOLD PER CUSTOMER
~ Commerclal| Municipa;
Total (kilo- |l = 41500t (kil -
" owatt
watt hours) hours) Totrs)
——
‘Total sales to ultimate conSUMers. .. rveeueeioeunne. 2,020 3, 080 1,445
Farm service (including power for irrigation) .. ooooeeeeoo... 4, ()ﬂp 6, 426 525
Domestie service. e wnn e —————— s e u———— 443 430 571
Cominercial service: , o
Small light and power (retail)_. 3, (84 3, 404 16,329
Large light and power (wholesal 07, 197 97,797 | ... o
Undistributed by class of service 1,317 1,440 784
i\l{unicigul street lighf:ing)2 78, 330 60, 617 462,041
ailroads (motive power
5troet gnd inteiurban.- 7, 608, 371 7, 008, 415 3, 586, 418
Electrified steam-railroa 13,636,027 | 16,100, 053 14, 550
Other service, 40, 547 406, 827 37,018
REVENUE FROM ELECTRIC SERVICE,
PEL CUSTOMER
Total Commercial| Munieipal
(dolars) (dlollars) (dollars)
Total sales to ultimate conswmers......._... e —e i ———— 7 70 53
Farm service (ineluding power for Irrigation) ceee v e e e 103 110 a0
Domestic Servies. ... ceeo oo T 30 30 32
Commercial service:
Small light and power (retail)...__.... e nmmmem—————— 147 148 1150
Large light and power (wholesale). 1,334 1,334 fomaaananen.
Undistributed by class of servies...... Od 68 44
Munieipal street Ughting 2. ...l TTITTTTmmmme 3, 472 3,112 11,272
Railroads (motive power):
Street and interurban. ... ... 71, 608 72,303 40, 501
Electrified steam-railroad divisions 140, 513 106, 750 570
Other service. 990 086 1,128
REVENUE PER KILOWATT- TOUR
Total Commerefal | Municipal
(conts) (conts) (conts) J
Total sales to ultimate consuwmers.. . ............_..______ 2.0 20 3.7
Farm service vSincluding power for irrigation)..veeueooeo ... m———— 2,1 2.0 8,8
Domestic service.._._ e ———— 6.8 6.9 5.0
Conémerﬁiﬁl Iservic?: )
mall light and power (retail)............. e ———— 4.0 4.2 12,5
Large light and power gwholesale).... 1.4 ) I 3% IR
Undistributed by class of servica. ... 4.8 4.8 . 0
unieipal strest lighting ¢ 4.4 6.1 o4
Railroads (motivae power):
Street And INbOrurban oo veeeeee 0.9 0.9 1.1
Electrified steam-railroad divisions. .. . 1.0 L0 4,0
Other service : 21 2,1 3.0

! Combined rate; ingludes large Hght and power.

! Includes all municipal servica “for which & o d "
munas establishmegts. arge was made by the lght and power department,
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TABLE '56.~—~NUMBER oF Cusromers (UrTimars Coxsusins ONLys, ny Crass
?3‘2';5131“71013; CoMMERCIAL ESTABLISHMENTS, BY (IEGGRAPIIC DIVISLONS

|
Farm I COMMERCIAL swnw%
sersvegze T m% Vudise  Munie-
Domestie . ¢ Larga | tributed | ipal
b ] 1 i A . [ k
DIVISION Total (;;l?;;)rlllzll service H,b}mall xlxgilt and | by class of . street
i ght and | Bo Lo ervive
ers,” | power {thnltﬁ J servie
p. 65) l (retail) o eale) (
| ? R
' [
United States......... 19, 657, 850 || 152, 384 ‘ 14,505,774 | 2,560,000 © 342,236 | 1,070,500 ¢ 21,951
Geo%éaphie divisions: i j
ew England...oeneo.o. 1, 858, 852 6,476 | 1,417,301 276,738 42,425 1
Middle Atlantic. .. 5, 905, 934 22,726 | 4,297,340 604, 150 47,307 1
East North Central...__ 4, 819, 310 44,422 | 3,039,718 676, 874 53, 810
‘West North Central_ 1, 775,496 17,566 | 1,374,450 246,712 62,8678 |
South Atlangic..._... 1,327,748 2,237 ! 893, 812 173, 428 40, 274 ,
East South Central. .. 59, 350 3061 500,252 | 126,056 14,807
West South Central.. 1,013,827 1,461 | 785, 565 178,872 82,003 ¢
Mm_mtam ........ - 538, 204 3,148 427,928 43, 505 3,165
Pacifit. e ememeeee 1,769,539 || 53,842 0 050,412 | 103,163, 40,792 i
I
i -

! Includes data for *‘Street and interurban railways,” “Electrified steam-railroad divi
““Qther service’” not distributed by geographic divisions.

H Tasre 57.—~—NuMBER oF CustoMenrs (UnriMate CoxNsumers ONLy), BY CLass
or Senrvice, Municiral ESTABLISHMENTS, BY Groaharain Divisiows:
) 1927

[ :

i ice | : v distpih, | AU
{ \i e | o | Commer | I”’,’é’f‘é‘h‘ i ipal
DIVISION ‘l Total! | " Farm 4 Dﬂgﬁe@ge I ! ;@tgfgc
; - | : i service " | lights
. i ! i | SIVICE | pgs
| D89 ‘ | :
l ; | B (. |
‘ ! ; 1 |
United States_ o mwmemeeccucene = 2,128, 467 ’ 16,008 | 1,443,202 | 214,215 43,746 1
Qeographie divisions: : ! ; i
j Row England. . .occeveue. S 148,307 | 2,868 | 103,047 14,121
r Middle Atlantic 127,019 | 451 ! 86, 027 5,013
L East North Central..c.oeneeme.... 493,442 | 6,360 82 B2 AR
# ‘West North Central . 412,022 || 3,7 225,403 T AU
South Atlantic__._.._. 236,608 | 1,276, 155,073 W.0m
- East South Central.. 62,132 || 190 29,025 3,208 |
i ‘West South Central_... 9,903 ! 440 ¢ 6, 6l 7,452 | .
MOUDEBIN - e cemm oo - 50,168 ! 303, 42,831 0,02
% Pacifie. 460, 783 ’ 354 ; 394, 305 ¢ 7,0 |
i ‘ ! : L

1 Inclndes data for * Electrified steam-mﬂroiad divisions,” * Street and interurban railways,” and © inther
! ed by geographic divisions. . v e
se:l:%i:e ud%gt“d Siﬁltﬁi‘ght aymgi p%%& (retail)” and * Large light and power {wholessls},” not sB0wn sep-
M?gglggeic gﬁdgllg'niclpal service, “for which o charge was made by the light and power Gepartment.”
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TapLE 88,~—CvUrrENT Sorp {10 ULrimare Consumers ONLY), I\ILOWA'I‘T-
HOURS, BY CLASS OF SERVICE, COMMERCIAL ESTABLISHMENTS, BY GEo-

grapiaic Drvisions: 1927

| . i
TN | Total 2 (kilowatt- Caroin b
DIVISION | hours) ‘ Farm Service | Domestic service
United BEALES . venvnenmmenenrranemmeemman L 60,536,041,516 | 526,831,462 £,273, 316,236
(yeomraphic divisions: i
(i techy e  ORSUNUSNEI I 3,800,635158 | 2,478, 575 535,324,310
Middle ‘\thmt‘c_.. § 17, 741,475,081 | 12, 380, 847 1, 837 8.)9 022
Eust North Central . 14,363,183,375 | 20,653, 287 1,755, 073,019
Muorth Central. 3, 682,153, K08 f 11,1086, 363 531, 908,737
‘mmh AL! m.rlll(} ............. (i, 714,232, 257 886, 155 391, 254, 736
________ 5,459, 250 | 112,168 150,219, 633
West South € 88, 230, 251 10, 147, 340 288, 603, 688
Mountain 2, :Bz,,z..', 665 9, 555, 973 207, 574,428
e 6, 449, 328, 452 i 75,460, 764 547,490, 603
! COMMERICAL SERVICE
' Undistributed fhi
Ty ; it Municipal
DEIVISIGN . . ! by cla_s§ of fstreet liggl’tlng
mall light snd | Large light and service |
; power (retail) {power (w hulusak)‘ ‘
i i ]
! | !
Tnited STA1ES . oo mmceeee ©R,401,358,120 | 33,471,610,195 | 2,837,213,753 ! 1,288,162, 128
Gesgraphic division | | \
R M | 954,400 | 2,176,310,257 | 106,768,138 I 131, 474, 985
Mu‘rlk Atlantie (1,981,149, 054 | 10,139, 146,714 | 1,753, 986, 5 301, 579, 670
t Nerth Central .. i 2,37, 563,351 7,408, 35, 330 143, 600, 672 | 263, 624, 900
North Central " 780, 984, 761 | 1'.:9'21,6'084 | 63,880,080 l 123, 294, 181
ath Atlsntd 652, 104, 418 ‘ 4, 746, 567,459 | 204, 116, 626 | 103, 150 700
t "(nllh [ entrnl 3309, 126, 5O | 1 645, 253, 232 17,365,793 | 49 674 418
388, 656, (5T i 1,44£, 013, 669 15, 902, 573 | /9, 753,214
; 514, 9—1»"» K33 1, 61'3 051,352 0, 847,120 ! 37,488,037
i 1 418, 575, 620 J 2,2‘97,21. 121 4350, G3n,2ul 106, 185 422
i i

P

L Includs
Hther

s for “Street and interarban rallways,” “Electrified steam-railroad divisions,” and
? not distributed by geographic divisions.

TapLr 59,—CurrENT SoLp {ro Urrimare CoNsvmers Oxiy), Kinowarr-
HOURR, BY CLABS OF .SLm'xCE, MouxicipsL EsTABLISHMENTS, BY GEOGRAPEIC

Dlvmms 1927

i i ! o
i Undistribe | aeo:os
BIVISION Total  (kilo- | Farm Domestie | Commercial | _uted by Slggﬁlﬁglﬂ
ki watt-hours) || service service service 2 Kclds.s of serve Y
i : l ice
United States. .. .13, 075,539,772 | ?,43‘3, B2 1 B3, 903, 485 l 355, 851,483 | ’ | 355,073,199 | 453, 201, 744
abic divistins: ! : i
W England Po148, 613 o 1 1,49), 434 140,035,745 69,584,553 | 18,102,398 | 18,765,743
\dedlr Atlan |12, 20 '7;—1, 943 . 51,891,415 32,362,661 | 24, 430 810 | 18,132,006
{\9&1'\;‘: m[? £n ‘, 94 Ilu, J% 4 & 214, .!2.’3, Tt JJI,AJ, 449 ’ 85, u91 274 | 247,628,132
£30 NOrth i ! | i
| 878,572,000 |1 1,770,214 | 103,200,523 & 121,603,359 | 109,203, 341 | 40, 773, 458
.soo,u.,,mu B 7T0n 164 | 107,467,117 | 103,504,625 | 55,863,853 | 30,874, 726
L Central, b, 8475, 264 43,863 24,356,422 Il.dia,f_lz i 15,142,221 8, 483, 205
w l‘St ”‘LIMIRCLHYI‘EJ 11 , 225, 151,437 12, 004 322 | 37,101,338 1 29,756,711 6, 167, 806
Mountain, ... 00, 668,183 0 354,540 | 2'.) 351,42 | 21,020,577 8,487,713 8, 484, 380
Pacifie. o eerenes | 989,733,457 [{ 601,227 | 233, 072, 195 ; 635,672,228 | 0,001,833 | 73,950, 162
i i i i i
Iuj(s data for * Electrified stearn-railroad divisions,”” ““#treet and interurban railways,” and “ Other

11

" not distributed by geographic divisions.

g ImlJ des »=mall light and power (retail; " and “Large light and power {wholesale),” not shown sepa-

rately on sehadole,

# Includes a1l municipal service, “for which a charge was made by the light and pewer department.”
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TaBLE 60.—CURRENT SoLD—AVERAGE KILOWATT-HOURS PER CUSTOMER
(Urntimare CoNsumers ONLY), BY Crass or SErvice, CoMMERCIAL Estan-
LISHMENTS, BY GEoGRAPHIC Drvisions: 1927

[Based on Tables 56 and 53]

| | ] ]

| Farm | COMMERCIAL SERVICE i

1, 1 H

Potalt ‘! ‘seggeéce Do- | sl | i tgl{;gé:d : I\Iluniei.
DIVISION "otal ‘Farm | mestie | Small | s [Fiod = pal street
" cus- | serviee  lightand | Iﬂ‘gage é‘f’e‘f by e’*’“?f’ﬂ"": Hghting
! of N
| tomers,” power (who{]esale)‘ service )
; 1. 65) , (retail) (‘ i [‘
i | ] |

United States.aceoooenoo 3,080 | 5, 420 430 | 3,464 | 97,797 | 1,440 | 60, 617

Geographic divisions: j ! i ;
New England... 2,048 383 378 | 2,414 50,700 ! 035 | 113,145
Middle Atlantic.. 3,004 1 545 428 | 2,048 214,305 1,890 ¢ B, 693
East North Centr 2, 980 # 463 445 3,513 124 298 | 1,001 ¢ 57,038
West North Central 2,074 | 832 387 | 2,660 ¢ 2K, 443 | HO6 | 41,999
South Atlantic..... 5,067 |} 396 4330 3,022, 17,8301 1,367 o5, 550
East Bouth Central. 3,633 || 222 354 ° 2,690 121,003 2,014 . 62, 52
West South Central 2,554 ’ 0, 980 367 2,178 | 435, 804 ' 1,823 I 47,728
Mountain._ ... 5,195 J} 3,036 485 ¢ 5,4%4 572,844 | 1,089 | 62,272
Pacifie. coam e 3,605 ;i 14, 105 a76 | T34 a6, 317 i 831 ; 23,614

i | ; !

! Includes data for “ Street and interurban railways, " ‘“ Eleetrified stearn-railroad divisions,” and ¢ Other
service,” not distributed by geographie divisions,

TaBLe 61L.—CURRENT SoLp—AVERAGE TKILOWATT-HOURS PER CUSTOMER
(Uvtimate Consumers OnLy), BY Crass oF SErvVICE, MUNICIPAL Esrtan-
LISHMENTS, BY GEoGrAPHIC Divisions: 1927

[Based on Tables §7 and 53]

;
| Farm ;
service SN
T ndis- i
See el : Afunicipal
v : Domestie; Commer- | tributed | - aht.
DIVISION Total! Hggﬁn service cial service 1hy classof str&;(;tglxagm
tomers,” | service
p- 65) ,
United States..cecceacecrmenan 1,445 525 577 6,329 | B4 462, 041
Geographic divisions: | {
New England 1,008 | 520 397 i 4,928 | 40 Zfﬂ,%?
Middle Atlantic. . oo oo 1,004 530 £01 | 6,456 fl:_!() 251, 847
East North Central.... 1,812 469 651 7,050 '14_30 | 1,014, 4723
West North Central.. 919 475 450 | 3,243 775 107,366
South Atlantie.__._____ ... _. 1,268 | 576 669 | 5,150 502 331, 95
East South Central.ovoccnomve- 963 ;‘] 241 624 | 3,542 768 32,97
West South Central cveeaocaoo- 061 | 369 631 2, 12 B4l 0, -339
Mountain._.... e 1,025 || 1,170 474 | 3,496 162,527
Pacifie 2,107 | 1,698 | 91 | , 363 1,124 2, 445, 005
| [

1 Includes data for *‘ Eleetrified steam-railroad divisions,” * Street and interurban railways,” and ** Other
service,” not distributed by geographic divisions. 3 v

? Iriemdes ‘};Sélllﬂall light and power (retail}”” and ** Large light and power (wholesale),” not shown sep-
arately on schedule, . "

* Includes all municipal service, *for which a charge was made by the light and power department.
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TaBLE 62.—REVENUE FroM Erntcriic SErvICE (Unrivars CoNSUMERS ONLY)
BY CLass oF SERVICE, CoMMERCIAL ESTABLISHMENTS, BY GEOGRAPHIC Divi-

sToNs: 1927

: ; | COMMERICAL SERVICE
i | Undistrib- [ pe) 00
| o " cipal
- v [ Farm | Domestie | | uted by
PIVISION Tatal? | serxvice | “service | Smalllight: Largelight| class of “‘Ztﬁg?ég
! | :and power | and power | service
. ; | | (retail) {(wholesale)
United States.. §1, 554, 644, 5373516, TO%, 121 $435, 337, 9&9::%376, 850, 255 $456, 472, 507/$134, 868, 526,&;66, 141,258
i i : i
j | | .
131, 245, 044 o7, 578 43,335 000 34,084,046 37,262,703] 5 218,729 7,085,080
WF RN 491 489152 197.190,021 B4 008,572 119,520,501 85,279, 720 22, 337, 050
374,672, 655, 3=4 559 102, 658, GSO\ 119, 216,488] 5,489, 640 12,479, 201
121,183, 14» ¢ 2 5 5,187 34,812 634 31,720,523]  3,513,308! 6,022,808
South Atlantic.” 140,080,731 56, 220 261,677, 29,300,002 50,246,170] 12,877,937} 8,025,302
x.8 ntral. . 56,410,612 10, 374 04,650, 16,256,398 21, 319, 280 798,797 2,984,720
W. 8. Central._, £3, 202, 345 873,04 496,129' 23, 040, 651 27, 576, 242 733,160 2,955,900
Mountyin. ... |48, 27 58 330, 630 725,300 16,677,111 13,912, 656 601,227) 1,012,800
Pucitie_ ... ©l 130,690,875 12,265,206 25,240,418 34,131, 211i 26, 689,225 20, 426, 002l 4,437, 520

I Includes data for *‘Street and interurban railways,” “ Electrified stearn-railroad divisions,” and “Other
servige,”! not distributed by geographie divisions,

TABLE 63.—REVENUE FroM Evecrric Service (UurmvaTe ConsUMERS UNLY),
By CLiss oF SERVICE, Muxicrpar EsTABLISEMENTS, BY (GBOGRAPHIC DiIvi-
s1oNs: 1927

i f ]
| ; Undistrib- | yryunicipal
. | Farm | Damestic | COMIE | Spred by uncp
LIVISION Total T | e a1 clal serv- street
ioservice service 3 class of iy §
: : J! fce 2 service | LEbting
; ' | | e |-
Vnited BLatesa mmmneanns $1132, 450,634, $574, 830 345,971, 385! $34, 102, 280: %19, 836, 893| $11, 067, 638
Geographie divisions: [ | )
MNew England o meeunan 2,796,481 2,248,040, 1,024, 624 852, 399
Middis Atlantic. .. ....._ 30%4,104) 1,040,312 1,582,883 623, 151
Euast North Central .. 10, 741, 527§ 8,150, 537] 4,553,909, 4,653,089
West North Central... 7,335,200 4 348,004] 6,258 508 1,470,700
South Atlantic. . oovu.. 4 N 2, 6L 6,510, 630, 3,104,264 2,033,920 947, 180
East South Central.... 3,400,192 5,035 1,804 968" 520, 016/ 780, 676 222,103
West South Central. §, T44, 331! 10,870 3,003,712 1,572,602 1,808, 871 186, 535
Mountain.eaeceeeamen. o 2, 887, 573, 14,962 1,321,842 870, 374! 38, 787 214, 802
Paifice e enen e 24, 330, 097»}: 1920 9,228 716 12,160, 231; , 069 2,107,490
: I

i

t Includes data for ** Eleetrified steam-railroad divisions,” * Street and interurban railways,' and ‘‘Other
service,’’ not distributed by peographic divisions.

2 Tpeludes “ Small light and power (retaili’” and * Large light and power (wholesale),” not shown sepa-
rately an sehedule.

1 Incindes all municipsl service, ““for which a charge was made by the light and power department.”

TABLE 64.—8arariep EMpLovEES AND WaGE Earners, Numser, COMMER-
cial aNp MuNicipal EsTaBLISHMENTS: 1902 1o 1927

NUMBEE UF EMPLOYEES

CENSUS YEAR Total Commercial Municipal
- \ |
Salaried | Wage Salaried Wage Balaried Wago
employees ©  earners . emplovees earners |employees| earners
! ! | !
i I
104,415 ¢ 149, 605 95, 951 i 1138, 796 5, 464 ‘ 10, 809
55,112 93, 650 59, 667 | 185,438 4,445 10, 212
35,408 | 70,185 32,593 | i §2, 087 2,814 | , (48
26,003 | 53,242 75,877 | 147,518 2,218 5, 724
2,050 ; , 4% 14,375 ¢ 30, 601 1,615 3, 851
B, b6 ! , 330 6, (46 ] 20, 863 950 2, 467

Lt Number June 30, 1927, or nearest representative day.
* Number June 30, 1922, or nearest representative day.
3 Wamber Sept. 29, 1917, or nearest repregentative day,
¢ Number Sept. 18, 1912, or nearest representative day.
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TaBLE 63.—CONSOLIDATED BALANCE SHEET FOR ALl CoMMERCIAL COMPANIES
REPORTING FOR THE CENsUS oF EnmerRic LicHT AND POWER STATIONS,
INCLUDING ASSETS AND LIABILITIES OF ALLIED NONELECTRIC INDUSTRIESS

1927

[This table is a duplicate of Table 25, p. 37]

ASSETS AND OTHER DEBITS

LIABILITIES AND OTHER CREVITS

Kind

Amount

Kind Amount

Plant and equipment, aggregate...
Specifically reported, total......
Electric light and power._..

Per cent of total spacific
reported..
Electric railwa;
Per cent of tot:
1eDOrted. o ceeeee

Per cent of total specifically
reported oo
Undistributed. oo ooooneemoen
Nonoperating physical property...
Investments
Current assets__.__

Tuotal assets and other debits.

$10, 586, 824, 47
$9, 684, 760, 10
§$7, 978, 234, 22

82,
$482, 323, 86

[ )

4

o0 DO

$017, 448,

. 5
65

. 2
$902, 057, 279

$34, 200, 454
$622, 440, 110
$082, 201, 237

$306, 762,

© W =

$302, 644, £74 |
$411,414, 558 .
$10, 582,382 |

12, 950, 388, (8%

[
1

$10, 405, 013, T52
4, (5, 135, 415
3,310, 578, 337

6,603, 185
671, 644, 928

00, 164, (46
16, 538, 451
437, 647,030
03, 561, 666

Total capitalization. .
Capital stock
Long-term debt..

Cash investments (fo

Other credit item:
110 9 o) 3 P, .

i
i

Total Yabilities and other

CreditSe v mmmacacnnmmnen i 12,950, 388, B8

TarLE 66.—CoNsSOLIDATED Baraxce SHEET POR MUNICIPAL ESTABLISHMENTS
iy Crraes Having 25,000 Ixgasrrants or Mone: 1927

ASSETS AND OTHER DEBITS

T
i
|
|

LIABJLITIES AND GIHER CREDITS

-Kind Amount Eind Amant
it
i :
Plant and equipment $237, 042, 458 1 Cash Investments. .o cmeweemnacven :M,?OZ
Electric light and 234,210, 945 | Long-termn delit. . - 185543, fiﬂ
All other..__ 2,831,508 | Current lighilitles. o c.ocovnoevrnanen 15, 162, T30
Nonaperating ph 540,582 | Depreeiation or retirement reserves... 27,422, gxg
Investments. . ... - 6,745,028 | Other reserves.. . .ceceecmveomonnnn- 2,848,785
Current 8s5et8. . _uovoeesrmcccnemgenn 37,978, 980 | Other credit iterns.. 15, Sir, 150
Unamortized debt discount and ex-
18, i, 24
12501 | SUEDIIS 1 eomommmeeeemmemeesecens \ae TH. 45,128
204, 805, 484 Total linbilities and other credits.. 264, BUS, 484

TaprLe 67.—CONSOLIDATED INcoME, OPERATING REVENUE, AND Exrexnse
STATEMENT, FOR COMMERCIAL ESTABLISHMENTS: 1927

{This table is & duplicate of Tabla 26, p. a7}

I. INCOME FROM ELECTRIC OPERATIONS

1, Operating revenues, electric:

Sales of electric current

181, 6RO, 218, fi5d
21,801,419

Miscellaneous electric revenues

Total operating revenues, electric o oocevorecmenacean e eamm oo ammevn

$1, T3, ), 088

1 This total includes $125,612,127 representing revenue regeived from *Sales for resale.”
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Tasre 67.—ConsonipaTep INcoMme, OFBRATING REVENUE, aND ExPENRR
StaTEMENT, PoR CoMMERCIAL EsTaBLisHMENTS: 1927—Continued

[See note at head of this table, p. 70]

I. IxcoME FROM ELECTRIC OPERATIONS—Continued

Rervenue deductions
2. Operating expenses, electric:
Fuel $157, 912,379

Purchased power. 143, 710, 930
Depreciation or retirement expenses, electric property. 107, 615, 698
All other o perauu§ expenses, electric - 448, 860, 272
Uncollectible electrie bills . 5, 365, 315
Operating taxes, electric, vewe 150,253,276
Total revenue deductions, electric . $1, 014, 717,870
Total operating reventes. .weee s .. 087,302,213

Other income items, electrie

Rents charged or credited to income, electric property (net) 17,122,828
Amortization of limited-term franchises, rights, ete., for electric property only . .enoeoeoy.- 62, 491

Net income from lectric ODBIALIDNS. o cuumevrsrnccnncvnarmmne e - wm— oo 670, 116,893

II, INCOME FROM OTHER THAN ELECTRIC OPERATIONS
Net income from operation of utilitles other than light and power plauts (gas, electrie rail-

WEAY, WALEE) B0} e v vmse e v ms s man e m e 83, 248, 300
Nonoperating incorne (net of debits and credits) . 53, 959,112
GROBE INCOME. e e e e o e e e 809, 324, 305

III. DEDUCTIONS FROM (GROSS INCOME
Interest on funded and unfunded debt, amortization of debt diseount and

expenss, and amortization of premium on debt (Det) - v oo $209, 601, 693
Other deductions from gross ineome, 33, 935,287
Total deduetions from gross income - 303, 537, 280
NET INCOME FOR THE YEAR from all sources 505, 787, 025

IV, APPROPRIATIONS T)URING THE YEAR FROM (CURRENT AND PREVIOUS YEARS' SURFLUS
Total

For dividends on stocks. .. ecme... e ammnzrnnrn——— .. 338,238,580
Elsetric Other Undis-
perty roperties tributed
For depreciation or retirement regerve. ....cuoccevermnane 448, 362 $8, 783,145 $4,384,723 37, 616, 230
Total appropriations from surplas. 375, 854, 810

2 This item represents a rate of 6.6 per cent, based un the total of $5,005,135,415 for capital stocks, (See
T'able 65, p. 79.)

TaBLe 68.,—ConsoLipaTEp INcoMmE, OPERATING REVENUE, AND EXPENSE
StaTEMENT, ¥oR MuUNICIPAL Esrarisgments IN Crres Havine 25,000
IwmaBITANTS OR MoRB: 1927

I. IncoME pROM ELECTRIC OPERATIONS
1. Operating revennes, electric:
Bales of

electric cunrrent - 1351, 082,218
B BCETIE DOV IS v e mc e o i3m0 0t 0 1 00 0 s 383, 708 R
Taotal operating revenues, slectrl §$51, 465, 925
2. Operating expenses, electrh fos
. Operal A e
p Fuel . ... - 4,420,114
Depreciation of relirerment sxpansss, sloctiic propart ot
sprepia or petirernen; ¢ pro; Y wmmrmemnenseemmnm———— 5, 537,
All other operating sxpenses, electric. 20, 010, 430
Unecollectible electric bills . 162, 987
Operating taxes, electric 570,934
Total revenne deductions, deetric. 34,887,274
Total operating revennes . - 16,578,651
Other income items, electric
Rents charged or credited to income, dlestrie proj {nét) 838
Amortization of limited-term ﬁunﬂi:isas, rights, mfm eloctric Property only..eeeocercmnons sai‘: 100
Net income.{rom. déghris opérations - -- 18,223,380

1 This total includes $9,030,698 representing revennus received from *Sales for resale.”
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TARLE 68.—CoNSOLIDATED INncomz,

STATEMENT, FOR M
\ UNICIPAL ESTABLISEMENTS IN
InmARITANTS OR MoORE: 1927—Continued.

81

OprraTING REVENUE, anp ExrprNse
Crrizs HaviNg 25,000

II. INCOME FROM OTHER THAN ELECTRIC OPERATIONS

Net incoms from operation of utilities other than light and power plants (gas, electric railway,

water, ete,)

GROSS INCOME........,

$1,078, 053
202, 86

'y

III. DEDUCTIONS FROM (YROSS INCOME

Interest on funded and unfunded debt, amortization of debt discount and expense,

and amortization of preminm on debt (net)

Other deductions from gross inCome. ..

Tatal deductions from gross incoms_ .

$5,237, 621
375, 815

NET 1NCOME FOR THE YEAR from all sources.

17, 508, 303

b, 613, 436

13, 889, 867

IV. APPROPRIATIONS DURING THE YEAR FROM CURRENT AND PREVIOUS YEARS' SURPLUS

For dividends on stoeKs.muuvmmeeren.

For depreciation or retirement reserve.....-

Total
Electric Other
property properties
$1,713,834 _....e- wee 1,711,834

TABLE 69.,—SUuMMARY, ALL
EsTABLISEMENTS IN
Per Cext or Toran: 1927

MuNICIPAL ESTABLISHMENTS AND MUNICIPAL
Crries Havineg 25,000 Inmasirants oR MORE, WITH

MUNICIPAL ESTARLISHMENTS
IN CITIES HAVING 25000

Total, all munie- INHABITANTS OR MORE
ipal establish-
ments P ¢
Br cen
Amount of total
Number of establishments_ - emerocecaeaee 2,198 54 %5
Genarating all or part of current 1,113 48 4.3
Purchasing all current. ..ceacrmo oo cearmaeen 1,085 ] 0.6
Number of separate generating stations_ ..-ovowemeomecan- 1,212 65 5.4
Value of plant and eguipment ....c..< e m ot ———— $417, 166, 857 $234,210, 945 56.1
Total revenues.... — - $52, 746,830 | caeooons
Eloctzit §orvics. ocurm oo cmc o e $122, 436, 820 $51, 082, 219 41.7
All other sources [6) 281,664,620 .o ..
Total expenses. - [O] 3 $40, 500, 710 lesoeavoens
Total mamber of persons emMployed. .o ocomaemmoeecmrcrrean 16,273 5, 768 35.4
Prime mgvers:

Numbeér of units. cevian-o o 2, 88311 234 81
Rated capacity, horsepower.., 2,048, 722 1,087,021 53.5

Generators: ' ]
umber. e i o e S e e e = 2, 904 227 7.8
Rated capacity, kilowatts.i. - = 1,428,034 777,838 54.5
Output of current, kilowatt hours, total.. te. . i .| 4,520, 871, 113 2,733,043, 318 | 60:3
B enorateq. ... Ty 3370538472 || 2,349, 485, 664 66,6
Purchased ..o amocuomsiiovin 1,150, 332, 641 483, 607, 654 | 420
3, 666, 664, 809 2,256, 630, 591 | 815
3,075,539, 772 | 1,704, 030, 017 55. 4.
1,125,087 552, 600, 574 9.5
Number of customers- - .-._-- 2,128, 868 | 895,510 82.7
1 Not called for on municipal schedut}?. Specfial mqgiﬁri ma(%gfm't (ﬁitiasalha%ng i%g@gg;n mureinha%aitmtg.
i 3 ym tilities other than electrie, ting incomne,
1 Miscellaneotis electric revenues, net incoms fro other o oes (ool adpg:as ot ttoms

Does not indluda ampunt of rents credited to income nor amortization of

on_ the 1927 schedule),

'3 Operating expenses, interest, and other dednctions from gross income, Does not fnclude amount of

rent paymaents for lease of plant, equipment, ete.



TECHNICAL DEVELOPMENTS
By George F. Wirria

In the eensus reports for 1902, 1907, and 1912 the development of the electric
light and power industry up to the time of each report is reviewed. Subsequent
developments have included not only a great increase in its magnitude and
marked changes in the organization of the industry but also important changes in
its relation to the economic, industrial, and social structure of the nation, as
well as important technical advances.

A brief summary of what has taken place during the fifteen-year period from
1912 to 1927 must confine itself to broad outlines, and at that must invelve
many omissions.  In view of the general use of electric devices in the home and in
industry, those aspects which are now a matter of common knowledge ean well
be passed over lightly, attention being directed rather to those features with
which the general reader may be less familiar,

PRIME MOVERS AND GENERATORS

General,—The most obvious change that has come about in power production
has been the rapidly increasing concentration of power, not for the sake of mere
magnitude but with a view to greater economies. Boilers, turbines, water
wheels, generators, transformers, and the power stations themselves have in the
course of 13 years increased greatly in rating.

A parallel change, with the same objective, has been the rise in steam pressures
and steam temperatures used, and, toward the end of the period, the experimental
introduction of a second working fluid in an independent cycle supplementing that
of the steam. By these successive innovations, the quantity of energy usefully
converted into electrieal form per unit of fuel consumed hag grown steadily
larger. The upshot has been that while the output from fuel-burning plants
has multiplied several-fold, as the statistics indicate, the consumption of fuel,
natably of eoal, has advaneed in much smaller ratio.

Specific data on this point covering the entire period under review are not
available; there is clear evidence, however, that if the efficiency in 1927 had been
merely the same as in 1912, at least twice as much coal would have been required
as was actually burned—more probably two and a half to three times as much.
The eonservation of one of our national resources, coal, thus brought about
during the intervening period runs into hundreds of millions of tons.

Contemporaneously, greater refinement of design has resulted also in the more
efficient utilization of water power, but here the opportunity for improvement
was more restricted, as the efficiency had already approached much closer to the
theoretical maximum than in the case of processes involving combustion.

A third change, in harmony with the trend of American industry generally, has
been the inereasing mechanization of the power plant, Where formerly the
firing of the boilers had been a matter of human muscle, and the tossing of coal
into the furnaces by the shovelful had called for exhausting labor on.the part
of a host of firemen, the modern power plant uses mechanical stokers, or pulverized
fuel is blown in by an air blast. The rate of feed, the adjustment of the draft,
and other operations are performed automatically. The human function, no
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longer that of a laborer, has hecome the supervisory one of insuring the proper
operation of the apparatus that performs the physical work.

Transition from the steam engine to the turbines.—In 1912 the steam turbine
was still competing with the reciprocating engine as a prime mover for power
plants; turbines of 20,000 kilowatts had, however, become an asccomplished faet;
no power plant had a reciproeating engine approaching this rating, The change
was rapid. By the end of the year the turbine was considered the normal type.
The year 1912 may therefore be considered to mark, as well as such gradual
changes can be marked, the transition to the newer form of prime mover,

For a time the two devices were in numerous instances operated in combination;
the steam was expanded in a reciprocating engine, approximately to atmuspheric
pressure, was then additionally expanded in a “low-pressure” turbine, there
giving up more of its thermal energy, and was finally exhausted into a condenser
where a fairly high vacuum was maintained. The condensate was pumped hack
into the boiler in the usual manner. Instances of parallel operation were, of
course, common; to increase the eapacity of a station, room could often be found
for a turbine side by side with the existing engines. ‘

The earlier turbines were largely of the vertical-shaft type. Aboutl this same
time, however, horizontal machines were being developed, and they cventually
became the accepted form. The huge modern machines, that eonstitute so
striking a triumph of engineering skill, are of this type exclugively. ‘

A few examples will illustrate the growth in size. A complete list would
constitute a catalogue of the machinery in dozens of great power plants, with a

-capacity aggregating millions of kilowatts,

By 1914 the maximum turbine rating was 35,000 kilowatis, and unitg of
50,000 kilowatts were in contemplation but not yet constructed, The recipro-
cating engine was by no means obsolete, for mixed-pressure turhine operation
was attracting increased attention, and turbines were operated either singly
on high-pressure steam or in combination with a reciprocating engine on exhaust
steam. At this time aleo there was a growing tendency toward the automatie
operation or control of the draft, damper, water feed, and fuel supply.

In 1921 a second 70,000-kilovolt-ampere compound turbine was immllﬁd in
a plant in Pittsburgh. Machines installed in 1926 and 1927 include two 60,()00—
kilowatt (equivalent to 80,000 horsepower) single-cylinder units in New York
and a similar one in Buffalo, which shows how much power was niow heing con-
centrated on a single shaft. Other large machines were: A 52,000-kilowatt
tandem compound unit in Chicago; and one of 80,600 kilowatts, cross-compound,
i. e., with two shafts and two electric generators, in Brooklyn. The h%rg.%t
under construction ! was one for a station in Indiana, near Chieagn, etms&gtfng
of three elements—one high-pressure and iwo low-pressuré turbinmwvdnv]‘ng
three main generators. The combined rating {including't}mt‘ of two service
generators) is 208,000 kilowatts. Also under construction in 1927 were units of
165,000 kilowatts, 160,000 kilowatts, 104,000 kilowatts, and Othm:iﬁ. ) ‘

In contrast with these magnitudes, the following table, published in 1913,
shows the maximum rating in certain earlier years:
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Steam boilers—Changes in steam turbines have entailed complementary
changes in boilers, in the direction of greater size, higher steam pressures, and
higher temperatures. Two hundred pounds per square inch had formerly b(fen
considered virtually the upper limit, but in about 1915 plans were made vsflnch
contemplated the use of pressures up to 600 or 700 pounds per square inch.
At the saine time the rate of evaporation was being forced up, so that 113 hecame
common practice to operate boilers at several times their rating assigned to
them on the old basis, namely, the area of the heating surface. In 1922,a 35,000-
kilowatt turbine, to he operated on steam at 500 pounds per square inch and &
temperature of 725 degrees F., was being built for the American Gas & Electric
Company. These values for steam pressure and temperature were reported at
that time as being thus far unapproached. At the same period it was stated
that boeilers for use up to 600 pounds per square inch were on order.

In 1924 a steam pressure of 550 pounds per square inch was adopted for sta-
tions in Philadelphia, in Chicugo, and elsewhere, The Weymouth plant in
Boston inaugurated the use of a pressure of 1,200 pounds per square inch. By
1927 a 7,000-kilowatt turbine in Milwaukee and one of 3,000 kilowatts in Boston
were being operated at a pressure of 1,200 pounds per square inch. At the same
date steam temperatures up to 750° F. were in use.

Steam plants.—The huge turbines and generators to which reference has been
made are constituents of correspondingly vast power plants, each comprising
a number of such units. The steady growth of the electrie power load has
necessitated a program of incessant building to meet its ever-growing demands,

Again a few individual fllustrations, confined to the immediate past, must
suffice to exemplify what has been going on throughout the land, on a seale
scarcely less striking.

In 1626 the “‘Lake Shore™ plant at Cleveland, Ohig, with a rating of 288,000
kilowatts and an output exceeding 1,000,000,000 kilowatt-hours annually, was
stated to be the largest steam-electrie plant in the United States. By the end of
1927 the Crawford Avenue station in Chicago had a rating of 325,000 kilowatts.
Almost equal in magnitude to the Cleveland plant, the Hell Gate station in New

York City had 285,000 kilowatfs in operation in 1927, and had on order two.

160,000-kilowatt nnits in addition. Before the close of 1920 the installing of the
latter had inereased the station rating to 605,000 kilowatts, a capacity unsurpassed
anywhere In the world. In the same class may he listed the Hudson Avenue
plant in Brooklyn; its 230,000 kilowatts of 1927 grew to 340,000 kilowatts during
1928 by the addition of a single power unit.

Great as they are, none of these plants is the sole source of supply to the city
it serves. Each is only one of several, perhaps of nearly equal magnitude.

Progress in plant practice.—Among other features that have gradually entered
to a greater or less extent into steam-plant practice are the following:

The cooling of the furnace walls by means of air or water; the preheating of the
air supply to the furnace; the use of high-refractry brick around the fuel and
clinker lines of the furnace side walls; the reheating of the steam at some point
in its passage through the turbine; the bleeding of steam from the turbine at a
certain stage in its expansion and the utilization of its heat in another stage of the
process; the burning of pulverized coal.

The progress in the period under review can searcely be betfer summarized
than by quoting from a recently published annual report of an operating company.
The company is one known to be progressive and to have kept pace with the
develupments of successive vears.

The report refers to two plants, which may be designated as A and B. Con-
struction on plant A was started in 1913 and on plant B in 1927, and each went
into operation within about two vears. Plant B had recently gone into operation
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when this was written. To quote: ‘““Plant B uses a steam pressure almost twice
that used by A; o_perates with higher superheat of steam; has generators each
two and one-half times as large as the A generators of 15 years ago; rquires about
25 per cent less coal for a given output; and, finally, requires half as many man-
hours for a given daily output as does the older plant.” The report further
points out that these are only some of the factors which permit eleetric service to
be sold now at lower prices than obtained 15 years ago.

The mercury-vapor turbine.—The combination of 4 mercury-vapor turbine
and a steam turbine in the plant of the Hartford Eleetrie Light Co. appears to
be the first commercial application of a binary eyele in the produection of power
from fuel. Mereury is evaporated in a special boiler, whence it passes to the
turbine, then to the condenser, and finally by gravity back to the boiler. These
three elements are clectrically welded together. The weight of the mercury
column, determined by the difference in elevation between condenser and beiler,
obviates the need of a pump. In the condenser the heat of the mereury vapor is
imparted to water through the walls of the tubes cotaiuing the vapor. The
mercury condenser is, therefore, at the same time a steam hoiler. From this
source a steam turbine is driven in the usual way.

An experimental installation, having & maximu capacity of about 2,000 kile-
watts, was made in the fall of 1923 and was used for a2 number of years for pur-
poses of research, being redesigned during that time to incorporate improve-
ments. The scheme was proposed and developed by W. L. R. Emmet, consulting
engineer of the General Eleetric Co. By the end of 1027 a larger equipment was
under construction, with a mercury unit rated at 10,000 kilowatts. It was put
into operation in November, 1928, but at that time was still on test, further
changes being made subsequently. According to the design data, this mercury
turbine was to have a speed of 720 revolutions per minute; 1,150,000 pounds of
mercury was to be vaporized per hour at 884° F., 70 pounds gauge pressure;
98-ineh vacuum in the mercury condenser; mercury exhaust at 458% F.

The steam produced in the mercury condenser is additionally heated to a
temperature of 700° F., 350 pounds gauge pressure, and supplied to the steam
turbine in the usual way. The computed efficiency of the mercury-vapor-stean
combination is 9,400 B. t. u. per kilowatt-hour, whereas with steam alone the
production of a kilowatt-hour from 14,000 B. t. u. is excellent. The former figure
is equivalent to a kilowatt-hour for about eight-tenths of a pound of coal—econ-
siderably less than half the average fuel consumption per kilowatt-hour of electric
light and power plants in the United States.

The internal-combustion engine~—The chief field for the internal-combustion
engine in the electrical industry is in the smaller communities not served by
transmission lines. Its use has also heen advocated as a reserve, for instance, to
meet deficiencies in water power or to meet occasional peak-load demands, but
in view of the relatively small sizes in which this type of engine has thus far been
developed, and the magnitude of the inter-connected systems which it might be
used to supplement, the latter application is not at present of importance. Mozt
of the horsepower in this category is in machines of the Diesel type, genrally in
units of a few hundred to & few thousand horsepower, and occasionally larger.

The nse of the internal-combustion engine has been increasing at a fairly rapid
rate, but it still supplies only a very small proportion of the total hiorsepower in
the industry—1.5 per cent in 1927. As early as 1014 it was reported that its fuel
consumption per kilowatt-hour at full load and under favorable conditions had
been brought down to four-tenths of a pound of heavy oil. ) ‘

Water power.—The first two decades of the century witnessed nzmﬁrtam
technical advances in water-power utilization. In 1914 it was stated that ‘fhe
efficiency of hydroturbines had increased 10 to 15 per cent during the preceding
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10 years. Improvements in hydraulie and electrical machinery had led to the
greater utilization of the available power; with installed efficiencies as high as.
85 per cent for water wheels, 97 per cent for generators, and 98 per cent for sta-
tionary transformers, a very large proportion of the energy in the water could be
put on the transmission lines.

Even this performance was not the obtainable maximum at that time; inone
case, at least, a turbine efficiency of 93.7 per cent at full load—the highest on
record—had been obtained, giving 88 per cent efficiency from water to bus bars.

The increasing development of streams having occasional heavy floods brought.
other problems to be solved. During these freshets the restricted channel below
the dam usually causes the water level to rise more in that part of the river than it
does in the pool above the dam. Thus the available head is decreased during -
the period of most abundant water. At Hale's Bar, on the Tennessee River,
heads varying between 19 and 40 feet are met by using three turbines on the gener-
ator shaft, two when the head is fairly high and three on the lowest head, during
flood.

Another method of overcoming the same difficulty is in use at the Mifchell Dam
of the Alabama Power Co., started December 19, 1921, and put into operation
March 26, 1923. In this installation, by the employment of a * back-water sup-
pressor,” the rush of waste water over the dam is used to assist in the removal of
the tail water, in effect lowering the level in the tail race near the turbine and thus
inereasing the effective head,

These specific instances illustrate a general trend. Hydraulic efficiency has
been inereased not only by turbine design but alse by the guiding of the water
outside the turbine ifself, notably in the draft tube—for example, by conieal strue-
tures extending up into the latter,

Automatic hydroelectric plants,—The economic development of certain small
waterpower sites has been rendered possible by the introduction of automatie or
remote control. The expense of having an attendant continuously on duty is
thus avoided. These plants are designed to start or stop with variations in the
available water supply, to connect and disconnect themselves to and from the
transmission line, and to meet such contingencies ag line disturbances or failure
of any part of the mechanism. Inaddition, they are usually arranged to be started
or stopped by an operator in a distant station.

Examples of hydroeleciric development.—Some typical or striking develop-
ments of the period under review are as follows:

The Big Creek development of the Pacific Light & Power Co., of Los Angeles,
Calif., was inaugurated in 1918. It consists of two plants, both for very high
hydraulic head, 1,900 feet and 1,780 feet, respectively.

A 14,000-horsepower reaction turbine was installed about 1920 for the Mount
Shasta Power Corporation. It was designed for & head of 421 feet, the highest
head for turbines (as distinguished from wheels) thus far built.

Two vertical-shaft Franeis turbines for a head of 806 feet, the highest head up
to that time for that type, were installed shortly afterwards in the plant known as
“Kern River No. 3" of the Southern California Edison Co.

Two of the largest impulse wheels in the world, with a rating of 80,000 horse-
power each on a 1,008-foot head, were installed in the Caribou plant of the Great
Western Power Co. This achievement was exceeded the next year (1922) by the
installation of two 44,000-horsepower impulse wheels for a head of 2,495 feet in the
Balch powerhouse of the San Joaguin Light & Power Corporation in California.

Illustrative of the ruggedness of hydroelectric machinery is the statement pub-
lished in 1923 that a vertical reaction turbine of 25,000 horsepower at the Kern
River plant, with a head of 810 feet, had run almost continuously for 18 months.
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. Low-head plants of great magnitude and requiring huge volumes of water,
ipstalled during the period under review, include one on the Mississippi River at
Keckuk (1913), the head being about 40 feet, one on the Tennessec River at Mus-
cle Shoals, constructed during the war, and one on the lower Susquehanna River
at Conowingo, Md., still under construction in 1927. The last-named is designed
for an ultimate capacity exceeding 500,000 horsepower. Its 54,000-horsepower
turbines are unprecedented in physical dimensions, according to the builders.
The ronners are 17 feet 9 inches in the largest diameter and welgh about 100 tons
each. The operating speed is 81.8 revolutions per minute under & normal head
of 89 feet. By the early part of 1928 two of these units had heen installed, and
several others were under construction. In all, 11 are to he used eventualiy.

Generators.—The changes in generators can be treated more brivfly than those
in turbines, with which they are necessarily correlated. They include the de-
creased importance of direct-current and the inereased importance of aiternating-

‘eurrent machinery, a change from low to high speed, corresprnding to the chunge
from reeiprocating engines to turbines, a marked inercase in sjze, speciul pravisions
for cooling and for reducing the fire hazard, and the deereasing impartince of
25-cyele apparatus, accompanied by a great increase in that of 80 eyel

The gradual elimination of direct-current generators whs & e
quence of the increase in concentration of power and in high-tension tr
and interconnection.

Direct~current generators are built with a stationary field-maguet
which another member, called the armature, is made to revolve by un external
source of power. In the armature is induced the electromotive foroe that «pnrs
current through the working cireuit, in general consisting of the e o e
electrically operated. For technieal reasons the relationship s ety reve
in the construection of alternating-current generators, The armatun: I male t o
outer stationary member; within it the field magnets are wade to revolve, their
poles projecting outwards.

The introduction of the steam turbine involved radieal ehanges in design,
To generate alternating current of 60 cycles it is necessary that 60 pairs of poles
per second shall pase a given conductor on the armature. With low speads this
necessitated the construction of machines having a large et of poles, for
which a strueture of large diameter was necessary. .

For large reciprocating engines 100 revolutiong per puny
speed. Large steam turbines, on the other hand, operate
high as 1,800 revolutions per minute, and in the case of units %uxm:ﬂ
but etill having a rating of several thousand kilowatts, a speed f”f &, valo-
tions per minute is not uncommon. A speed of 1,800 revolutions per aurte
calls for only two pairs of poles {four poles), Toavold excesslve tf‘er;mi ugal pell,
the rotating parts must be kept relatively small in dismeter, and eor
must be of greater length for & given cutput. The earlier t¥pe 1e : ‘
wheel with the working part readily aceessible; the new form is a @ mpbelely
inclosed horizontal cylinder.

Hydraulic turbines rotate in a much 1
steam. Consequently thelr generators are much
otherwise than those of corresponding ratings driv
vertical-shaft arrangement is generally used. ’

Generator and turbine ratings generally correspond. wag are 1o p Sk
however, with a rating equal to that of the very largest *i’l’mmf' }‘“-‘“’i““““" ‘
latter have more than one shaft, each driving.a BODPATHIE gm?mx:a;'

Cooling and fire prevention.—The increasing CuTLPACLACRS ‘"T’i" r
generators has necessitated special provisions for 3‘%;’*'*‘1‘“5 ‘h‘“‘} 4»,: ;

he heat generated by the unavaidable electrical and Wﬁﬂi’i’ ﬁ%«;f;wa .
forced ventilation were developed, the entire machine being enc:omen
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current of eold air being blown through it. Closed-circuit ventilation and water
sprays for cooling the air were in use by 1922. Lately the use of hydrogen
instead of air has been under consideration as a better medium for removing the
heat. With completely inclosed cooling systems provision can be made for the
injection and circulation of inert gases to combat fires if the insulation becomes
ignited.

& TRANSMISSION AND DISTRIBUTION

Summary of changes.—In the early days of electric lighting generating stations
had fo be close to their loads. With the low-voltage direct-current systems then
in use, long-distance transmission was not feasible. The introduction of alter.
nating current made high-voltage transmission and low-voltage distribution
possible. The distance over which power could be economically transmitted
was thereby increased, and the power station could be located at a considerable
distance from the point of consumption.

This had two important consequences: Waterpower sites remote from ecenters
of population could he utilized; for steam plants sites could be selected that were
advantageous as to fuel supply and abundance of cooling water. The latter s
particularly important for steam-turbine operation.

High-tension transmission had attained considerable magnitude hefore 1912,
Since that time the maximum of transmission voltage has been raised and many
new lines have been built. Thus great systems have grown up, the energy from
numerous power plants flowing into a network of high-voltage lines by means of
which it is earried into numerous centers of distribution throughout the area
served and there “stepped down’ to a lower voltage for local distribution.

Frequently these systems are interconnected with adjacent systems. Where
this is done it is possible to meet a deficiency of power (due to scarcity of water,
for example) in one area by transmission from a distance, frequently from
another State.

Other changes during the fifteen-year period include an increase in the size
of transformers, the development of large mercury-arc rectifiers for converiing
alternating to direct current, and, very recently, important advances in frans.
mission by means of underground cable,

Transmission voltages.—In 1911 the maximum transmission voltage had
reached 140,000; 110,000 volis was coming into use as a standard, whereas the
standard had previously been 66,000 volts, This was the situation at the begin.
ning of the 15-year period of this review. In the latter part of 1913 transmission
at 135,000 volts was begun over the first of two 240-mile transmission lines of the
Big Creek development of the Pacific Light & Power Co., of Los Angeles. The
lines were designed for parallel operation at 150,000 volts and the trapsmission
of 120,000 kilowatts. This was by far the world’s highest operated voltage and
the longest straightaway transmission yet undertaken. Meanwhile three or
four systems in the Southern Appalachian region were using 100,000 to 110,000
volts, and lines in Connecticut were being built for 120,000 volts. These high
voliages became possible chiefly beeause of the introduction of the suspension
insulator. By the beginning of 1916 interconnection had been increasing so
rapidly that systems existed which comprised nearly 1,000 miles of high-tension
lines, along which power plants and load points were distributed. The most
noteworthy high-tension lines undertaken in 1922 were those of the Southern
California Edison Co. and the Pacific Gas & Electric Co., in California, for
operation at 220,000 volts. To the same period belongs a 165,000-volt line for
the Great Western Power Co., also in California.

Up to the present time 220,000 remains the maximum operating voliage,
though the mileage at this high voltage has been greatly extended not only in
California but elsewhere.
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Cables.—The operating voltage of underground and underwater cable has
been gradually increasing. The most recent development is the oil-filled calile,
which has made possible in underground urban distribution voltages approaching
those of the high-tension lines used in overhead transmission. Tines of 132,000
volts, using single-conductor, lead-covered, oil-filled cable, have recently been
put into service in New York and Chicago.

Substations.—The most notable innovation in this feature of the-industry has
been the development of outdoor substations and switching stations. In 1913
this type was still new. Previously it had been considered essentisl to put the
apparatus indoors. At first tried out in those parts of the country having a
mild climate, the use of the outdoors substation subsequently became general.
Its most conspicuous advantage is the wide spacing possible on the high-tension
side without the expense of a large building.

Conversion from alternating to direct current.—Though alternating current
has replaced direct-current machinery in many fields of power application, there
are some in whieh direct current still finds wide applieation. One of these is the
operation of street railways. Usually the conversion of altermating to direct
current takes place by means of motor-generator sets or rotary convertere.
The latter were readily built for alternating current at 25 cycles, but in the
beginning difficulties were encountered in designing them for 60 eyeles, Early
in the period under review these difficulties were overecome, and the converters
for street-railway operation could take their energy from the 60-cycle light and
power circuits.

For the same purpose a deviee operating on an entirely different principle has
lately been introduced. The mercury-arc rectifier bas been known for many
years. With a glass chamber it has found wide application for such purposes as
the charging of storage batteries from alternating-current cireuits, These units
were too small for general power purposes, but eventually a form was developed
in which the chamber was of steel instead of glass. This greatly inereased the
possible output, and made the device suitable for supplying current at 600 to 1,500
volts for railway operation. Installations on a commercial seale were begun in
Europe in 1912, and then only in capacities of 100 kilowatts, but the first instal-
lation in America came a number of years later.

By the end of 1927 mercury-are rectifiers up to 750 kilowatts in rating were
being used in this country, and at least one such unit rated at 1,000 kilowatts,
800 volts direct current, was in operation in the vicinity of Chicago. Subse-
quently two 750-kilowatt rectifiers were installed in Portland, Oreg., for rail_way
operation, converting 11,000-volt, 3-phase, 60-cycle current to 1,350-volt direct
current.

LIGHTING EQUIPMENT

As a light source the tungsten incandescent lamp has virtuslly superseded nll
other forms of electric illumination. Devices for redirecting the light, in the
form of shades and reflectors of various types, have been increasingly duve.lr.‘:ped
and have come into general use. Very recently the neon light has rfegn intro~-
duced, its use being confined chiefly to purposes of display and advertising.

The tungsten lamp.—The development of the gas-filled tungsten larp Wwas
announced in 1913, when its manufacture on & commercial seale bfega.n.._At
first it was made only in large sizes—750 and 1,000 watts—for multiple operation.
Prior to that time the carbon, the tantalum, and the tungsten filament hal.i been
sealed into 8 vacuum. The improvement consisted in filling the buib WH%‘& an
inert.gas. - This reduced the tendency of the filament to evaporate and permiﬁ:ted
the operation of the lamp at a somewhat higher temperature. A larger proporiion

2105—30 7
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eurrent of cold air being blown through it. Closed-circuit ventilation and wap
sprays for cooling the air were in use by 1922. Lately the use of hydrg
instead of air has been under consideration as a better medium for removing
heat. With completely inclosed cooling systems provision ecan be made for t
injection and circulation of inert gases to combat fires if the insulation beeoy
ignited.

TRANSMISSION AND DISTRIBUTION

¢ Summary of changes.—In the early days of electric lighting generating statio;
had to he close to their loads. With the low-voltage direct-current systems t
in use, long-distance transmission was not feasible. The introduction of 3
nating current made high-voltage transmission and low-voltage distributi;
possible. The distance over which power could be economically transmi
was thereby increased, and the power station could be located at a consider
distance from the point of consumption. _

This had two important consequences: Waterpower sites remote from cent
of population could be utilized; for steam plants sites could be selected that
advantageous as to fuel supply and abundance of cooling water. The latteris
particularly important for steam-turbine operation.

High-tension transmission had attained considerable magnitude bhefore 142
Since that time the maximum of transmission voltage has been raised and may
new lines have been built. Thus great systems have grown up, the energy fin
pumerous power plants flowing into a network of high-voltage lines by means
which it is carried into numerous centers of distribution throughout the am |
served and there “stepped down” to a lower voltage for local distribution. :

Frequently these systems are interconnected with adjacent systems. When |
this is done it is possible to meet a deficiency of power (due to scarcity of wate 1
for example) in one area by transmission from a distance, frequently frg
another State.

Other changes during the fifteen-year period include an increase in the sz
of transformers, the development of large mercury-arc rectifiers for convertiy
alternating to direct current, and, very recently, important advances in tram
mission by means of underground cable.

Transmission voltages.—In 1911 the maximum transmission voltage hui |
reached 140,000; 110,000 volts was coming info use as a standard, whereas {i
standard had previously been 66,000 volts. This was the situation at the begi
ning of the 15-year period of this review. In the latter part of 1913 transmissi
at 135,000 volts was begun over the first of two 240-mile transmission lines of tie |
Big Creek development of the Pacific Light & Power Co., of Los Angeles. Ti |
lines were designed for parallel operation at 150,000 volts and the transmissin {
of 120,000 kilowatts. This was by far the world’s highest operated voltage ad
the longest straightaway iransmission yet undertaken. Meanwhile three o
four systems in the Southern Appalachian region were using 100,000 to 110,0% |
volts, and lines in Connectieut were being built for 120,000 volts. These hig
voltages became possible chiefly because of the infroduction of the suspensii:
insulator. By the beginning of 1916 interconnection had been increasing # |
rapidly that systems existed which comprised nearly 1,000 miles of high-tensin |
lines, along which power plants and load points were distributed. The mos
noteworthy high-~tension lines undertaken in 1922 were those of the Southe
California Edison Co. and the Pacific Gas & Electric Co., in Californis, fi
operation at 220,000 volts. To the same period belongs a 165,000-volt line fu
the Great Western Power Co., also in California.

Up to the present time 220,000 remains the maximum operating voliag
though the mileage at this high voltage has been greatly extended not cnlyl
California but elsewhere. . 1
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(ables.—The operating voltage of underground and underwater cable has
peen gradually inereasing. The most recent development is the oil-filled cable,
which has made possible in underground urban distribution voltages approaching
thuse of the high-tension lines used in overhead transmission. Lines of 132,000
volts, using single-conductor, lead-covered, oil-filled cable, have recently been
put into service in New York and Chicago.

Substations.~—The most notable innovation in this feature of the-industry has
been the development of outdoor substations and switching stations. In 1913
this type was still new. Previously it had been considered cssential to put the
apparatus indoors. At first tried out in those parts of the country having a
mild ¢limate, the use of the outdoors substation subsequently became general.
Its most conspicuous advantage is the wide spacing possible on the high-tension
side without the expense of a large building.

Conversion from alternating to direct current.—Though alternating current
hias replaced direct-current machinery in many fields of power application, there
are some in which direct eurrent still inds wide application. One of these is the
aperation of street railways. Usually the conversion of altermating to direct
current takes place by means of motor-generator sets or rotary converters.
The latter were readily built for alternating current at 25 eycles, but in the
beginning difficulties were encountered in designing them for 60 cyecles. Early
in the period under review these difficulties were overcome, and the converters
for street-railway operation could take their energy from the 60-cycle light and
power circuits.

For the same purpose a device operating on an entirely different principle has
intely been introduced. The mercury-arc rectifier has been known for many

With a glass chamber it has found wide application for such purposes as

years,
These units

the charging of storage batteries from alternating-current circuits.
were too small for general power purposes, but eventually a form was developed
in which the chamber was of steel instead of glass, This greatly increased the
possible output, and made the device suitable for supplying current at 600 to 1,500
volts for railway operation. Installations on & commercial seale were begun in
Europe in 1912, and then only in capacities of 100 kilowatts, but the first instal-
lation in America came a number of years later.

By the end of 1927 mercury-arc rectifiers up to 750 kilowatts in rating were
being used in this country, and at least one such unit rated at 1,000 kilowatts,
600 volts direct current, was in operation in the vicinity of Chieago. Subse~
quentiy two 750-kilowatt rectifiers were installed in Portland, Oreg., for railway
operation, converting 11,000-volt, 3-phase, 60-cycle current to 1,350-volt direct

current.
LIGHTING EQUIPMENT

Ag a light source the tungsten incandescent lamp has virtually superseded all
other forms of electric lumination. Devices for redirecting the light, in the
form of shades and reflectors of various types, have been incressingly developed
and have come into geperal use. Very recently the neon light has been intro-
duced, its use being confined chiefly to purposes of display and advertizing.

The tungsten lamp.-—The development of the gas-filled fungsten lamp was
announced in 1913, when its manufacture on & commercial seale began, . A%
first it was made only in large sizes—750 and 1,000 watts—{or multiple operation.
Prior to that time the carbon, the tantalum, and the tungsten filament }md been
sealed into a vacuum. The improvement consisted in filling the buth m@f& %
inert gas. This reduced the tendeney of the Slament to evaporate and WM

the operation of the lamp st a somewhat higher temperature. A larger propo!
2105—30 7
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of the radiation was within the visible spectrum; the efficiency of the lamp was
therefore inereased, and the light produced was more nearly white. The carbon-
filament lamp had required from 3.1 to 3.5 watts per mean horizontal candle
power, but the largest size of the new lamp required only 0.5 watt for the same
amount of radiation. For replacing the arc lamp in projectors, tungsten lamps
are made with helical filaments eompaetly arranged so that a large quantity of
light is emitted from a comparatively small area.

Recently o process has come Into use for etching the inside surface of lamz
bulbs. The light from the filament is thereby diffused while the outer surfase
of the bulb is smooth and easily kept clean.

Are lamps.—The carbon-are lamp was gradually superseded by the type
known as the “flame-arc.”  Unlike the former, this emitted more light from the
incandescent vapor between the electrodes than from the tips of the electrodes
themselves. The ecolor of the light was determined by the metallic compound
in the electrodes. ’

For street-lighting purposes the magnetite arc lamp was widely used for &
number of years. Its name was derived from that of the iron oxide used in one
electrode. It gave a brilliant white light and required infrequent trimming
compared with its predecessor, the carbon are. The light source itself was
generally inclosed in a diffusing globe. The magnetite lamp has been generally
superseded by the tungsten lamp, operated singly or in cluster, usually with
diffusing glassware, mounted on a standard close to the curb line. The earlier
type (magnetite) has, however, by no means been abandoned. To the cagual
ohserver little difference is seen between it and the newer tungsten street lamp,
which it resembles as to the eolor of the light and which it approaches in steadiness,
although it shows an oceasional flicker.

Light-controlling deviees.—The general introduction of the rugged drawi-
wire-tilament tungsten lamyp made possible for the first time in human history az
appreciation of the esthetic possibilities of illumination. It now made it possi-
ble to go far beyond the earlier requirement of providing enough light by whieh
to see during the hours of darkness. It led to far-reaching researches relating to
vigion, from which, in turn, sprang many technieal developments.

It was an early observation that a powerful, exposed light source in the field vf
vision was objectionable. Henee various forms of partly-inclosing reflectors
were devised for redirecting the light, prominent among which were those uf
mirrored or prismatic glass. Then eame “indirect’ lighting, whereby the rays
were cansed to fall first upon a large diffusing surface, like a ceiling, which served
as the source of general illumination.

In the lighting of industrial establishments, diffusing bowls of enameled steel,
with or without diffusing glassware, have come into extensive use. Many other
forms of lighting equipment have been devised to meet specific conditions—Iocal
or gepera! illumination, high or low intensity, utilitarian or artistic purposes.
Some are suitable for controlling the light from small lamps; others, that from
lamps rated at several thousand watts.

Flood lighting.—With tungsten lamps, outdoor lighting on a large scale haz
beeome possible, Monuments and the fagades of buildings are illuminated by
means of groups of flond lights, usually coneealed from ohservation. Each floud
light eonsists of a powerful lamp mounted before an accurately shaped concave
reflector, so that a concentrated beam of light is emitted, the whole being inclosesd
in a weather-proof metallie casing.

Mereury-are lamps are still in use, particularly for photographic purposes, but
1o radical chauges have been made.  In motion-pieture studios they are arrangerd
in batteries, equivalent to artificial windows.
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Neon lamps.—It has long been known that a' gas at low pressure can be made
1o emit light by sending an eleetric discharge through it. An applieation of this
knowledge was made early in the present century by using earbon dioxide in
leng glass tubes for general illumination, but it was not widely employed. The
arrival of the tungsten lamp caused it to be abandoned for practieal purposes.

The idea of obtaining “‘cold light” was, however, never entirely dropped.
Further researches, combined with the discovery of neon as one of the constituents
of the atmosphere and the development of methods for obtaining it in a pure
state, have in recent years brought into existence two distinet types of lamps
utilizing this gas. One is rapidly coming into use for sign lighting. The gas,
at a suitably low pressure, is inclosed in long glass tubes, usually 15 millimeters or
less in diameter, formed into letters or other shapes. For 50 fect of tubing, 5,000
to 10,000 volts are required, with a current of 25 millismperes. The reddish eolor
stands out conspicuously, even in daylight. Other colors are obtainable by the
use of other gases. As a rule, the usual house current, alternating, at 110 or 115
volts, is brought to the sign terminal. Within the sign the current passes through
4 step-up transformer to develop the necessary voltage.

The other form of neon lamp is made for direet connection to the vrdinary
lighting circuit. At this low voltage (about 115) the electrodes have to be very
close together. The lamp, which operates with a very small eonsumption of
current, glows with a dim reddish light, too feeble for purposes of ordinary
llumination but useful as a marker. Its employment has been suggested for
such purposes as to indicate the location of a switeh.

DIVERSIFICATION OF USES

Residential, commercial, and industrial uses of electrie enrrent have inereased
in variety and have greatly inereased in magpitude, not so much by radieal
innovations as by the normal extension of methods and principles that have long
been known. In the household there has been a more extensive use of & multi-
plicity of appliances: Flatirons, vacuum cleaners, eleetrically-operated sewing
machines, toasters, coffee percolators, washing machines, heating pads, ironing
machines, and numerous others. Recent years have added motor-driven oil
burners for residential heating, eclectrically operated refrigerators, and eleetrie
ranges, while electric water heaters are being introduced which cousure current
at a low rate continuously or during predetermined periods, the heat being stored
in the water within an insulated tank.

* In industrial establishments the electrie motor has largely eliminated belts and
line shafting, especially since it hecame the practice for each machine to have its
own motor.

In detail, the industrial applications are almost as numerous as the industrial
processes themselves, but standard motors are generally used for actuating the
mechanical processes. Methods of auntomatic and remote control have hbeen
greatly extended.

Electric heating.—Because of its cleanness and the refinement possible in tem-
perature control, electric heating has found wide applieation; for example, in
ovens for enameling metal parts,

Electrometallurgical processes are carried on by means of are and induetion
furnaces for melting metals aud for produecing alloys.  For small melts, particu-
larly of precious metals, the high-frequeney induetion Darnace has heeome avail-
able. With it, operations can be carried on in a eontrolled atmosphers, Ligh-
frequency current being induced in the eharge by transformer aetion from sipilar
current supplied to a primary winding and without the use of un iron core. The
primary current is, iu turn, obtained from an ordinary power current Ly way of
a suitable converting device—e. g., & mutur-driven high-frequeney geucrator.
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Electrically generated steam.—In localities where water power is cheap and
fuel expensive, steam for industrial purposes is being generated from surplus.
hydroelectric energy. Thus it has recently been reported that one company is
producing surplus hydro energy worth 3.02 to 3.82 mills per kilowatt-hour for
steam heating. This elecirically generated steam has also been found economical
in the pulp and paper industry, which very commonly utilizes water power.

- . ) O
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